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The late Prof. D. D. Kosambi was a remarkable man indeed. He 
was a distinguished scientist who made outstanding contributions 
in various fields. He extended and enriched scientific methodology 
by applying it to the problems of archaeology, history and culture 
and made original and far-reaching contributions in these fields. 
He is a unique example of combination of science, classical learn- 
ing and scholarship. In his approach and outlook he represented 
a synthesis of the spirit of science and humanism. 

Prof. Kosambi was not an ivory tower scientist, but an active 
participant in the national movement. The latter, he enriched 
through his writings, particularly with regard to the utilisation 
of science and technology for economic, social and cultural prob- 
lems, by imbuing his students with a social perspective and by 
his active participation, particularly in the promotion of peace. 

As a person he was sensitive, kind, affectionate and generous, 
and influenced a large number of young workers in the diverse 
fields of his interests. The large number of contributions received 
from all over the world for the commemoration volume is by 
-itself an index of the esteem in which Prof. Kosambi was held and 
the international nature of his contribution in the diverse fields 
of knowledge. 

In honouring Prof. Kosambi we are honouring one of our finest 
intellectuals and the best of the traditions of the country. 


Rashtrapati Bhavan 
New Delhi 4 
May 28, 1970 


V. V. GlRI 


Preface 


The news of the sudden death of the late Professor D. D. Kosambi 
at Poona on June 29, 1966 was received by his friends and 
admirers all over the world with painful shock and a deep sense 
of abiding loss. The idea of commemorating in a deserving 
manner his life and work was mooted at a condolence meeting 
held on the 9th July 1966 at the Fergusson College, presided 
over by the Vice-Chancellor of the University of Poona, Professor 
D. R. Gadgil. It was followed by another meeting of some of 
Prof. Kosambi’s erstwhile colleagues and associates for consider- 
ing various schemes to preserve his memory, amongst which the 
publication of a Commemoration Volume was found to be the 
most suitable for early implementation. Soon thereafter a Com- 
mittee called the “D. D. Kosambi Commemoration Committee”, 
with its headquarters at the Maharashtra Association for the 
Cultivation of Science, Poona, was organized. The first meeting 
of this Committee, presided over by Shri V. V. Giri, now the 
President of the Indian Republic, was held at New Delhi on 
March 14, 1968 for finalising the proposals. 

There was an enthusiastic response to the appeal for contribu- 
tions to the Volume, made by the Secretary of the Committee, 
to a select number of scholars known to be interested in Kosambi 
and his work in the various fields of knowledge. In view of the 
meagre resources at the disposal of the Committee, however, 
especially at the initial stage, it was decided to limit the extent 
of the Volume to within 300 pages. It was understood that a 
similar Commemoration Volume but devoted almost exclusively 
to the study of Indian social structure was being planned by a 
distinguished friend of Prof. Kosambi, viz., Prof. R. S. Sharma, 
Head of the Department of History, University of Patna. The 
possibility of having a joint publication of the two Volumes was 
explored but this was found both impracticable and unnecessary. 

The present Volume is divided into three broad Sections, viz., 
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(1) Articles in Humanities, (2) Articles in Science, and (3) Re- 
miniscences of Prof. D. D. Kosambi and his views. The task of 
selecting and editing the material on such a wide variety of 
topics, presented in different styles of writing, and fitting it 
within the prescribed limits was by no means easy. Howsoever 
unwillingly, the sub-committee appointed for editing the Volume 
had not only to eliminate repetitions, and reduce some contribu- 
tions to mere extracts but even to omit some of them in order 
to maintain a certain amount of balance and proportion in the 
presentation of the material. For this kind of liberty the editors 
have relied upon the kind indulgence of all our collaborators, 
bound as we all are by the common tie of friendship and sincere 
appreciation of the work of the gifted personality to whose 
memory the Volume has been dedicated. 

The list of Contents will testify to the varied fare offered in 
the different Sections of this Volume. We will not attempt here 
even a brief survey of it ; however special mention deserves to 
be made of two important articles of a general nature, penned 
by Prof. Kosambi himself, which have been included herein, viz., 
1. “Combined Methods of Indology” (already published in the 
Indo-Iranian Journal, Vol. VI (1963), No. 3/4, pp. 177-202) in the 
Humanities Section, and 2. “Steps in Science”, which is being 
published here for the first time as coming under the Science 
Section. Both of them illustrate the methodological approach and 
style of Prof. Kosambi. The latter article is particularly note- 
worthy for its autobiographical content, which gives us a glimpse 
of the progressive involvement of Kosambi’s mind into ever- 
widening fields of interest and the development of his character- 
istically far-reaching, penetrating and synthetic quality of 
thinking. 

A major share of the credit for this publication goes to Bhatkals 
of the well-known Popular Prakashan, Bombay, who came for- 
ward to undertake the full responsibility of bringing out the 
Volume in its present excellent form. Without their generous 
gesture the Volume would not have seen the light of day. 


Prof. D. D. Kosambi 

July 26, 1974 Commemoration Committee 


Professor Damodar Dharmanand Kosambi was a friend of the 
family, an avid book buyer and an author of whom we could 
justifiably be proud. We had the good fortune of rendering 
service to him for nearly three and half decades when he made 
Poona and Bombay his sphere of activity. 

It was a proud privilege for us to publish Introduction to the 
Study of Indian History which undoubtedly along with Myth 
and Reality has given a new dimension to an area of thinking 
which is vital to the development of Indian intellectual life. 
During the time the two books were under production we spent 
many a moment full of discussion — animated dissent and 
meaningful suggestions — but ever so heart-warming and always 
enjoyable and enlightening. 

We announced this publication as also the collection of his 
selected writings in 1970. There was a long period of delay 
in seeing the manuscript through the press due to various 
unforeseen and unavoidable difficulties — production technical- 
ities and administrative problems. We deeply regret this delay. 
On account of technical problems of composing the mathematical 
work and articles involving diacritical marks, the publication was 
held up considerably. The publication, despite all efforts, does not 
have a few diacritical marks and thus is not free from minor slips 
for which we crave the indulgence of readers. The typesetting 
work was done with the cooperation of M/s. Komposetors and 
India Printing Works. Thanks are due to Shri V. P. Bhagwat 
of Mouj Printing Bureau for undertaking this arduous job. 

It is also necessary to record that details about the contributors 
to this volume could not be updated in all cases. We are grateful 
to the Prof. D. D. Kosambi Commemoration Volume Committee 
for giving us this opportunity to undertake this publication and 
to Shri W. N. Bhat, a close friend of Prof. Kosambi who provided 
the expressive frontispiece photograph for this volume. 
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Essays in Humanities 
including Indology 



1 Combined o. d. Kosambi 

Methods in 
Indology 


This note suggests that the linguistic study of problems of 
ancient Indian culture would be more fruitful if supplemented 
by intelligent use of archaeology, anthropology, sociology and a 
suitable historical perspective. 1 Available Indian data in each of 
the fields listed need to be augmented by a great deal of honest 
and competent field work. None of the various techniques can, 
by itself, lead to any valid conclusion about ancient India; 
combined operations are indispensable. 

1. Preliminary 

The main idea back of the suggestion is that people who live 
alike tend often to act and to think alike, especially if their 
historical development has followed parallel courses. Indian 
peasants in villages far from any city live in a manner closer 
to the days when the Puranas were written than do the 
descendants of the brahmins who wrote the Puranas. A stage 
further back are the pitiful fragments of tribal groups, usually 
sunk to the level of marginal castes; they rely heavily upon food- 
gathering and have the corresponding mentality. The existence 
of such differences is ignored by the Indian intelligentsia, to the 
detriment of its reasoning. In the judgment of Louis de la Vallee 
Poussin: 2 “Les savants de l’lnde sont excellents pour la lecture 

1 The reader is referred to two works of mine, entitled: (a) Introduc- 
tion to the study of Indian History (Bombay, 1956) and (b) Myth and 
Reality; studies in the formation ot Indian culture (Bombay, 1962), 
where further references will be found. Facts about Maharastrian 
villages or customs from my own observations in the field are not 
documented. 

2 L. de la Vallee Poussin, Dynasties et Histoire de I’Inde depuis 
KanisKka jusqu’aux invasions musulmanes (Paris, 1935), avant-propos, 
p. xix, footnote. Special attention is called to pp. 360-361 ot this book, 
for important additional remarks on the process of brahmanisation. 



u. ju. lYosamm 


comoinea iviemoas in inaoiogy 


des textes, l’etude des dates, etc. Mais quelques-uns sont bien 
les neveux des philosophes bouddhistes ou brahmanisants. A 
ceux-ci toute explication est bonne des qu’elle est specieuse, 
et ils jouent avec des abstractions du second degre comme avec 
des realites concretes”. This criticism, unfortunately too true, 
applies not only to Indian savants. The brahmanising tendency 
has seriously affected many distinguished foreign scholars whose 
long and exclusive concentration upon brahmin documents seems 
to have impaired their ability to distinguish between myth and 
reality. 

One consequence of such neglect may be seen in the formula- 
tion of “Hindu” Law. This type of jurisprudence is mainly 
brahmin traditional usage on property rights and inheritance. 
The smrti injunction (Ms. 8.41) that judicial ( dharma ) decisions 
were to be given only after due consideration of the particular 
law and the usage of the region, caste-group and family group, 
guild etc., was apparently followed for a long time. 3 However, 
no written record exists of any cases tried under this hetero- 
geneous system. No attempt was made even by the British to 
study and collate the various caste-laws carefully as a preliminary 
for Indian common law. New forms of property were regulated 
under the foreign (British bourgeois) law; crime by an arbitrary 
penal code. The caste sabhds continue to function off the record, 
with diminishing force and powers. When the question of Hindu 
widow remarriage was being violently argued by reformers at 
the beginning of this century, even the most scholarly (like 
R. G. Bhandarkar) looked only to correct interpretation of the 
sacred texts, from the Rgveda down. That 85% of the population 
in their immediate locality allowed widows to remarry (and 
permitted divorce when either party felt aggrieved) made no 
impression upon the scholars nor upon the authorities on Hindu 
Law. P. V. Kane’s monumental history 4 of the Dharmasastra 
meticulously restricts the discussion to smrti documents, avoiding 
any disagreeable contact with anthropology, sociology, or 
reality. This tunnel vision persists in all disciplines concerned 
with Indology. 

3 The Krtyakalpata.ru of Bhat(a Lak?midhara , (a minister of king 
Govindacandra Gahadavala of Kanauj); Gaekwar Oriental Series CXIX 
for vol. 12 of the work, being the vyavah&ra-kanda. No special praetor 
peregrinus existed, and no ius gentium seems ever to have been officially 
recorded or codified, though its existence in practice is clear. 

4 P. V. Kane, A History of Dharmasastra ( Ancient and mediaeval 
religious and civil law), 5 volumes (still incomplete), Foona, 1930-1962. 
Though the vast majority of India’s people are sudras in this classifica- 
tion, there is no way to determine just what sudras were actually meant 
by the few authors who wrote on sudra rites and legal usage. 


Field work has one disadvantage for arm-chair linguists. The 
amazing deftness with which world-shaking conclusions can be 
drawn without moving out of the study becomes less serviceable. 
'I was told by a good linguist that the rather unusual Marathi 
village name of Gomasi (gad-fly or cattle-fly) has its obvious 
etymology. The villagers, however, usually speak of the place 
as goam, shortened from go-ama. The actual spot so designated 
is a small cave near the village with a fine 6th century image 
of Buddha, also unique for the region. Gotama Buddha had 
become Gotama rsi for local brahmins and the villagers follow 
the Prakrit form goama ( +isi ). Gomasi can thus be traced step 
by step to gotama — rsi, though the derivation at one jump seerps 
to contradict accepted rules. The village name Pasane is pro- 
nounced in half a dozen different ways within a range of twenty 
miles. The last syllable can vary, as in peasant Marathi, from 
na to tie, while the sa becomes a cerebral ca or the dental ta, 
for reasons that could not be discovered. Learned theses on 
Marathi continue to be written as if such difference did not exist; 
as if the rustic speech of Satara district were not markedly 
different from that of the adjoining Konkan. In Goa it was 
possible in 1925 for a keen ear to emulate Bernard Shaw’s 
Pygmalion-Higgins and to locate a person’s origin within five 
miles merely by his or her speech, which also gives away the 
speaker’s caste or religion, status, profession and educational 
accomplishments to an observer who knows the locality. 

This diversity raises a natural question about the language of 
Asokan edicts. The local varieties have been determined by 
philological analysis; 5 the text of the same edict is not absolutely 
identical in different localities. This caused T. W. Rhys Davids 6 
to declare that: “The Buddha and his followers adopted . . . the 
particular form of this common speech . . . that was current in 
Avanti”. Does the Pali canon represent the idiom actually in 
the Buddha’s mouth, through a collection made from oral tradi- 
tion some two centuries after his death? The Buddha’s strict 
injunction to his disciples to preach in the languages of the 
common people is either ignored or taken to mean that the said 
languages differed by no more than the various versions of the 
same edict. The discovery of the Shar-i-Kuna 7 (Kandahar) edict 
in Greek and Aramaic (without a Magadhi equivalent), a brief 

5 E. Hultzsch, Corpus Inscriptionum Indicarum I (The inscriptions of 
Asoka), Oxford, 1925 gives the complete Asokan texts known to that 
date, and a linguistic analysis. 

8 The Cambridge History of India, vol. I, Ancient India , ed. E. J. Rap- 
son (Cambridge, 1922), p. 187. 

7 First published in full in Serie Orientate Roma (ISMEO) XXI, 1958: 
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resume of the standard Asokan declarations, changes the picture. 
It is difficult to believe that Greek and Aramaic were then the 
two languages of Afghanistan, though they were undoubtedly 
the two major languages and scripts which would reach the great 
majority of literate people passing through Kandahar. Asokan 
Prakrit and Brahmi have to be given the same position in the 
greater part of India, a country where the language must then 
have changed from one small valley to the next as it does in 
Assam today. The decrees were promulgated by the emperor, 
but the rescripts circulated by his predominantly Magadhan 
secretariat. It is not plausible that spoken Magadhi had then so 
little inner variation as the pillar and rock texts show. During 
a walk of twenty miles in Goa, “want to go” changes from 
jaumka hoyo to vacumka jaya, while another twenty miles in 
the same direction reduces it to vacaka ; this is for peasants of 
the same caste and status who manage nevertheless to understand 
each other. Patanjali 8 gives local usage in spoken Sanskrit (not 
different languages) of his day: “goes” was savati in Kamboja, 
hammati in Surastra, ramhatx in the east (the Gangetic regions) , 
but gamati for “real Aryans”. Yet Sanskrit then possessed the 
standardization of an extensive literature, the scriptures being 
committed to memory without alterations of a single syllable or 
accent. In both cases, the reported variation is much greater 
than for the official Prakrit of Asoka. The analysis of the latter 
cannot therefore be put upon the same footing as the comparison 
of early Greek epigraphs, say Ionian, Attic, Doric and Cretan 
linear B. These were issued by independent local authorities in 
a land where the profusion of written contracts and registers 
afforded a striking contrast with India - where the natives’ 
honesty and truthfulness in the absence of written agreements 
astounded Greek observers. 0 The Prakrit spoken by different 
characters in the Mrcchakatika has been separated into varieties 
labelled with local names. But even the Mrcchakatika Candidas 
use a Prakrit easily understood by the rest, while the Candidas 
of the Jatakas spoke a language among themselves incompre- 
hensible to “Aryans”. The parallel is with the idioms used by 
a Welsh or Irish character in a modern English play as against 

Un editto bilinguale Greco-Aramaico di Asoka. The treatment in JA, 
1958.1-48 seems preferable. 

8 Commenting on the vdrtikd: sarve desantare: p. 65 of Patanjali’s 
Vyakarana Mahdbhasya with Kaiyata’s Pradipa and Nagesa’s Uddyota, 
vol. I, Nirnayasagar Press, Bombay, 1938. 

8 The original remark may have been by Megasthenes, and is seen 
in its most forceful version in Arrian’s “No Indian is ever known to 
4 lie”. 


the actual Welsh language or Erse. Though the variation is 
decidedly less than one would expect from Patanjali, the use of 
Prakrit is more natural in this particular drama than in other 
Sanskrit plays. Here, the Sutradhara declaims in Sanskrit to 
the audience, but lapses into Prakrit with his own womenfolk; 
much as educated Goans who consider Portuguese of Marathi 
to be their real language speak Konkani to women and servants. 
No other Sanskrit drama makes so great a concession to every- 
day life, just as none other deals with a historical in preference 
to a mythical episode. Literary Prakrit with all its varieties had 
become standardized, five centuries after Asoka. The presump- 
tion is strong that the observed variation in Asokan Prakrit is 
due to clerks and officials of the secretariat rather than to 
common local usage; very few of the original inhabitants of 
Maski in Mysore could have mastered the Magadhan tongue. 

In modem science, it has been recognized that the variation is 
a very important characteristic of the material, particularly when 
dealing with living organisms. Fundamental methods developed 
by R. A. Fisher 10 and others for taking such variation into 
mathematical account have led to great advances in biology. But 
I have yet to see any recognition of the philosophical principle, 
let alone the use of delicate statistical tests, in Indology. Still 
worse, most of our field work is done by educated men who often 
miss significant features or impose their own views upon the 
observed. In particular, the world of the women with its secret 
rites exclusively the property of female members of the group 
and the inevitable archaisms that mark the speech of the women 
when trade and intercourse with strangers is a male prero- 
gative - all these inevitably escape observation, especially when 
the ritual has not been written down and the language not 
standardized by formal education. 

2. Ibhya 

India is a country of long survivals. It is known that the Buddha’s 
birthplace was the sacred grove of a Mother-goddess still 
worshipped at the spot under the same name after two and half 
millennia; but the Sakyas and Buddhism have vanished from the 
locality. Literate Maharastrians use the word lene (= layanam ) 
for a monastic cave, originally excavated as a retreat, and 
referred to in Satavahana inscriptions under essentially the same 
name. To the peasantry near Karle caves the natural term is 
veher (often pronounced vyahar), from the Buddhist vihara, 
which the caves actually were for centuries. Surprisingly enough, 

10 R. A. Fisher, Statistical Methods For Research Workers; 10th ed. 
(Edinburgh, 1948). 
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the term changes at Karhad (the ancient Karahataka) where 
the (6th century A.D.) Buddhist caves are called vavri, an archaic 
Sanskrit word whose filtering down to the lowest stratum of the 
population can only be explained by the strength of the brahmins 
at Karhad. The peasant dialect about Karhad is otherwise not 
more influenced by Sanskrit than elsewhere in Maharastra. The 
caves were carved out by a class of people intimately connected 
with the brahmins of a great trade centre. 

These survivals naturally lead to the view that there has been 
no real change in India over the ages. Among the more stupid 
displays may be mentioned A. A. Ftihrer’s publication 11 of a 
photograph of Tharu tribesmen near the Buddha’s birthplace as 
modem Sakyas, though there was nothing whatever in the tribal 
name or legends to indicate the equivalence. Fa-hsien’s account 12 
showed that by the 4th century A.D., the Sakyan capital was 
virtually deserted. By the time of Hsiian Tsang in the early 7th 
century, a Buddhist revival seems actually to have relocated 
Kapilavastu several miles away from its original site, 13 if the two 
travellers’ accounts (so accurate in detail) are to be reconciled. 
How many tribes (before the Tharus) wandered over the Sakyan 
janapada remains unknown. This “timeless unchanging East” 
theory may insidiously distort the entire meaning of a document 
and thus reduce the value of our already meagre source material. 
For example: 

Rgveda 1.65.7 describes the fire-god Agni: ibhydn nd rdjd 
vandny atti “As a king the ibhyas, so eats he (Agni) up the 
forests”. K. F. Geldner 14 translates this as “Wie der Konig die 
Reichen frisst er die Holzer auf”. The footnote to this gives an 

11 A. A. Fiihrer, Buddha Stikyamuni’s Birthplace in the Nepalese Tarai 
(Allahabad, 1897). 

12 A Record of the Buddhist Countries by Fa-hsien; Peking 1957. The 
translation in S. Beal’s collection: Ta-Tang-Si-Yu-Ki: Buddhist Records 
of the Western World; 2 vols., London, 1884, also contains this in the 
introductory portion. 

13 The discrepancy seems to have been first considered in achaeological 
detail by Vincent Smith in the prefatory note (p. 10) to P. C. Mukerji’s 
“A report on a tour of exploration of the Antiquities in the Tarai, Nepal, 
the region of Kapilavastu during February and March 1899” (Arch. Surv. 
Ind. No. XXVI, pt. i, Imperial Series; Calcutta 1901). Smith was capable 
of identifying Satna railway station in central India with the site of 
ancient Kausambi ( JRAS , 1898, 511), but his discussion of the Kapila- 
vastu problem seems reasonable. The strictures on pp. 3-4 of the same 
preface about Fiihrer’s supposed excavations are by no means excessive. 

14 K. F. Geldner, Der Rig-Veda aus dem Sanskrit ins Deutsche 
iibersetzt und mit einetn laufenden Kommentar versehen. Cambridge, 
Mass. (Harvard Oriental Series, vols. 33-35) 1951. For the Sanskrit text 
and Sayana’s commentary, I have used the 4- volume edition of the 


alternative: “Oder: Wie ein Konig seine Vasallen”. Say ana 
commenting on the same rk gives ibhyd satravah . . . yad va 
dhaninah; tan yatha dhanarn apaharan rdjd hinasti tadvat. Thus, 
Geldner has taken the second of Sayana’s alternatives for a word 
that occurs just once in the whole of the Rgveda. That this did 
not entirely satisfy seems clear from his note on RV. 9.57.3 ibho 
rdjeva suvratah. The footnote here reads: “Die Verbindung von 
ibha, ibhya mit rdjan 1.65.7; 4.4.1 und hier) ist fur beide 
Worter bedeutsam and harrt noch der sicheren Losung. Anderer- 
seits ist die Bedeutung “Elefant” fur ibha, “reich” fur ibhya 
durch das spatere Sanskrit ( rdjd ibhena Manu 8.34!) so gesichert, 
dass sie kaum zu umgehen ist. ibhya wird sich zu ibha verhalten 
wie dhanya zu dhana. Pali ibbha in der bekannten Formel 
(s.P.D.) und ibha in Chand. Up. 1.10.1-2 sind aus dem Zusammen- 
hang nicht mehr sicher zu bestimmen . . . Lehnt man aber die 
klassische Bedeutung fur den Veda ab und sucht den Sinn in 
der von Roth gewiesenen Richtung, so empfiehlt sich statt 
“Gesinde, Horige” (Roth) vielmehr fur ibha und ibhya “Vasall”. 
ibho rdjd ware dann der Vasallenkonig”. 

This is a valiant attempt made by a scholar of merit to settle 
the meaning of a unique term in a document which he had studied 
intensively for so many years. The basic question is whether 
Rgvedic society had kings who ruled absolutely over vassals and 
over elephant-owning noblemen. It would seem extremely un- 
likely, taking the hymns as a whole. On the other hand, if the 
meanings of ibhya could be more closely determined, a certain 
amount of history emerges from the verse in question. The 
matter could have been settled by Asoka’s 5th Rock Edict which 
is clearly legible for the relevant portion at Dhauli, Shahbazgarhi, 
Kalsi and Mansehra. There, bambhanibhesu is beyond question 
an antithetic compound, like the preceding, “masters and 
servants”. One should expect that the ibbha here would be the 
lowest of castes, as the brahmin was the highest. However, the 
point may still be argued, and Jules Bloch, 15 for example, 
deliberately leaves the word untranslated, as he does every other 

Rgveda-Samihita issued by the Vaidik Samshodhan Mandal, Poona, 1933- 
1946. 

There may have been- a sort of feudalism at a stage not much later 
than the Rgveda, among the Hittites: E. Neufeld; The Hittite Laws 
translated into English and Hebrew with commentary (London, 1951), 
particularly laws 39-41; 46-56 for military service as condition of land 
tenure. But there is no evidence for comparable fixed land settlement 
in the Rgveda, nor for a king ruling over many different tribes by the 
military strength of a few of his own tribal comrades, as with the 
Hittites. 

16 J. Bloch, Les Inscriptions d’Asaka (Paris, 1950), p. 104. 
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word that might contradict the idea that Asoka was a pious 
dotard bent upon preaching Buddhism. So, we might look closer 
at the two sources which seemed indecisive to Geldner. 

The Pali Dictionary 19 of Rhys Davids gives ibbha primarily as 
the lowest of menials, lowest of the low. The context of the 
third sutta of the Dighanikdya 17 ( Ambatthasuita ) makes it 
certain that ibbha is used as a term of abuse, to indicate the 
contempt in which some local brahmins held the Sakyans as men 
of low lineage. This meaning fits all contexts cited, and is 
generally accepted. The only other meaning given by that 
dictionary is late, in a comment of Buddhaghosa on the Jatakas. 
As for the Chandogya Upanisad reference, there seems to me 
no doubt of the meaning of ibhya in its particular context. The 
story is of a brahmin Usasti Cakrayana of the Kuru country, who 
was wiped out by a plague of locusts (mataci-hata; commentators 
prefer “hailstorm”) . At a village of ibhyas, he saw an ibhya 
eating kulmasa broth, begged the leavings (which his wife could 
not bring herself to eat, famished as she was) and from the 
strength gained from this distressing meal, made a success the 
next day at the royal sacrifice. The commentary that passes 
under the name of Samkara gives for ibhya the alternatives “rich 
man” or “elephant-driver (of low caste)”; whereof Hume in his 
English translation takes the first. Gopalananda-svami 18 in his 
comment gives only hastipak = elephant-driver for ibhya. 
Geldner may seem to appear justified in his assertion of 
ambiguity. But what is kulmasa ? Neither lexica nor commen- 
tators make of this anything but food of the lowest grade. 
Whether my personal interpretation of kulmasa as the lowly 
vetch Glycine tomentosa is accepted or not, it was certainly not 
food for a nobleman rich enough to own elephants. The story 
has a point only if it shows the desperate straits to which a 
learned brahmin had been reduced. Not for the first time in our 
records, for Vamadeva in RV. 4.18.13 claims to have cooked a 
dog’s entrails in hunger: avartya suna dntrani pece. This rk is 
put into Indra’s mouth by Geldner, who here ignores the logically 
consistent brahmin tradition reported by Sayana and by the 
Manusmrti (10.106) to the effect that the degradation was 

16 The Pali Text Society’s Pali-English Dictionary; London, 1921. 

17 The Pali Text Society’s edition of the Dighanikaya, vol. I (London, 
1890), p. 90; Buddhaghosa comments: ibbha ti gahapatika (peasants), 
on p. 234 of the Sumangala Vildsini, vol. I (London, PTS 1886). 

18 The Nirnayasagar editions of the Upani§ads have been used for the 
text. With the commentary of Gopalananda-svami, NSP 1932. For the 
English translation, R. H. Hume, The thirteen principal Upanishads 

8 translated from the Sanskrit (Oxford, 1934). 


Vamadeva’s. 

Finally, what can a village of ibhyas (where an ibhya could 
be seen eating outdoors) mean, if not some hamlet inhabited 
by people of a low caste-guild? Such villages still exist. If 
you take ibhya as the equivalent of the tribal caste Matanga, the 
modem mdhg, originating from people with an elephant totem, 
every one of the passages discussed makes sense. The Aryan 
king of RV.1.65.7 would eat up tribal savages mercilessly. The 
brahmin could take soiled food from the lowest caste only in 
times of unutterable famine. 

3. Samanta 

Naturally, this raises the question of feudalism in India: When 
did vassals and feudal barons as such come into existence? The 
Sanskrit word to be discussed is the post-vedic samanta, meaning 
originally “neighbour” or “neighbouring ruler”. In his indispens- 
able translation of the Arthasdstra 19 , J. J. Meyer generally takes 
this in its later meaning ‘vassal’. If the translation is justified, 
then India was unique in having a feudal system about a thousand 
years before Europe, or the document is a late forgery. But 
no one puts the book later 20 than 300 A.D., and the question 
must be asked whether feudal barons were in existence even at 
that period. The Jatakas show samanta only as “neighbour”; 
the feudal institution is absent. The few ksatrapas and mahd- 
ksatrapas known in inscriptions are actually or virtually inde- 
pendent kings. Fortunately, it is possible to date, within limits 
unusually narrow for India, the period when samanta acquired 
the meaning “feudal baron”. 

We may note that even in the Arthasdstra, the word samanta 
has often the meaning “neighbour”, without alternative — as for 
example in Arth. 3.9 when transfer of title to houses and plots 
of land is in question. However, in every single case, samanta 
can consistently be translated as neighbour, whether royal or 
commoner, without incompatibility. In fact, in Arth. 6.1., Meyer 
contradicts himself by translating sakyasamantah at the begin- 
ning as “Herr fiber seine Vasallen” and in the middle of the 
same chapter as “von Grenznachbarn umgeben, die man in der 
Gewalt hat”. The latter translation would fit both contexts, the 
former would not. There is no samanta baron in the Manusmrti. 

19 J. J. Meyer, Das altindische Buch vom welt- und Staatsleben; Das 
Arthasdstra des Kautilya (Leipzig, 1926); the text used has been the 
revised southern edition Kautilyarthasastram (Mysore, 1960). 

20 A. Berriedale Keith, A History of Sanskrit Literature (Oxford 1928), 
p. 461. The discussion in my history book (note 1) and in JAOS 78.169- 
173 may be referred to for the authenticity of the Arthasdstra. 



The earlier Guptas rule over no samantas in their inscriptions; 
the posthumous Harisena prasasti 21 of Samudragupta on the 
Allahabad pillar mentions no barons. Dharasena of Valabhi who 
appears as the first mahasdmanta 22 in A.D. 527 is an independent 
king friendly to the Guptas (from the tone of his inscriptions) , 
not a peer of the realm. The Mandasor pillar 23 inscriptions of 
Yasodharman, who drove Mihiragula and the Huns out of 
Malwa, say that the king defeated and humbled all the samantas, 
which can only mean neighbour kings. But the Visnusena 
charter 2 * of 592 A.D. takes sa manta only in the sense of petty 
feudal viscounts who might press labour for corvee, or infringe 
upon the rights and immunities of merchants to whom the charter 
was granted. Thus, the change in meaning falls within a period 
of less than 60 years, say the second half of the 6th century A.D. 
It is confirmed by the Ten Princes 25 of Dandin, where samanta 
can only mean feudal baron, though the author shows remark- 
ably close reading of the Arthasastra as of many other works. 
The copper plates 28 of Harsa, supported by Chinese travellers’ 
accounts, prove that feudal relationships and samanta “baron” 
had come to stay. 

21 J. F. Fleet, Inscriptions of the early Gupta Kings and their 
successors; Corpus Inscriptionum Indicarum HI (Calcutta, 1888). The 
Hari?ena prasasti of Samudragupta (posthumous) is on pp. 6-17. 

22 Ibid., p. 41 of the introduction. As the founder of the Maitraka 
line was Bhatarka, a senapati, the interpretation of mahasdmanta as 
‘duke’ would have been justified only if the Valabhi kings made any 
reference to some Gupta emperor as suzerain. 

23 Ibid., inscription No. 33, pp. 146-8. Line 5 of the inscription has 
samantair yasya bdhu-dravina-hrta-madaih padayor anamadbhis, but 
these samantas are explicitly mentioned as coming from territories over 
most of which Yasodharman had set up no administration and could claim 
no permanent sovereignty, namely from the Himalaya to the oceans. 
The reference can only be to kings defeated in some passing raid or 
invasion, and this is strengthened by special mention in the preceding 
line of Huns (Mihiragula) and other kings, whom even the Guptas 
could not vanquish but who were beaten by Yasodharman. 

24 D. D. Kosami, Indian feudal trade charters, JESHO 2, 1959, 281-293. 

25 Dasa-kumara-caritam of Dandin, 14th ed. by N. K. Godbole, 
Nirnayasagar Press (Bombay 1940), p. 184; but the remarkably silly 
comment samantah syad adhisvarah made by lifting half a phrase out 
of the Amarakosa confuses the issue. The context here, as in chapter 8 
(p. 267 ff.) does not leave the meaning in doubt. Keith (Hist. Skt. Lit., 
p. 297) suggests a date slightly before Har§avardhana for Dandin, so 
towards the end of the 6th or beginning of the 7th century A.D. 

26 Epigraphia Indica 4.208-211, where mahasamantas are named for 
the execution of the Banskhera plates of Har?a. See also p. 130 of 
Baca’s Har?acaritam (7th ed. NSP Bombay, 1946), where only ‘baron’ 
will suit; on p. 100, 150 See., mahasamantas of the court are named again. 


The entire structure of the Arthasastra, considered as a whole, 
contradicts the possibility of feudalism. The state collected its 
taxes in kind, but processed and made into commodities an 
enormous number of natural products thus gathered. The whole 
economy and the system of administration was based upon cash 
valuation, as may be seen by the minutely detailed table of fines 
and of salaries. Moreover, the state itself owned most of the 
land under the title of slid, the rostra being still under private 
enterprise of various sorts though subject to imperial taxes. 
Neither in the mechanism of collecting taxes, nor in the 
administration of law and order, nor in military service is the 
samanta feudal officer mentioned; the respective officials are 
named, and have fixed monthly salaries paid in cash. The high 
ministerial mantrin and amdtya are also salaried posts not based 
upon hereditary tenure or nobility of rank. A “vassal” in the 
feudal sense would make the whole document logically incon- 
sistent. As for the neighbouring rulers, the whole purpose of 
the Arthasastra is to make its kin the universal monarch, starting 
on level terms with the samantas. Bpt conquest did not mean 
reduction of the beaten king to vassalage; he and his officials 
were to be maintained in their old position. No special tribute 
is mentioned. The profit of aggression came to the conqueror 
from the development of waste land as new sitd plus absolute 
control of mineral resources as a state monopoly. The land 
visualised is one divided into janapada territories, each originally 
belonging to a particular tribe, say Magadha, Kosala, Videha, 
etc. These were separated by extensive forests infested by 
predatory dtavika savages who were still in the food-gathering 
stage, difficult to conquer by military methods, or at least to 
conquer with due profit. In the intermediate stage were a few 
powerful, armed, tribal oligarchies. These had to be broken 
ruthlessly by every method at the king’s command. There was 
no need or place for feudalism in any recognizable meaning of 
the word, in this type of state. 

Not only do these considerations furnish important data for 
Indian history, but they also help clarify points that remain 
unexplained or have escaped attention. The Allahabad prasasti 
of Samudragupta 21 says that he had reduced all forest kings to 
servitude: paricdriki-krta-sarvdtavika-rdjasya, and the context 
shows that this refers to Aryavarta, the Gangetic basin, probably 
including West Bengal. This finished the course of settlement 
begun by Magadhan kings before the Arthasastra, and accounts 
for the new prosperity of the Gupta empire. The great forest 
still existed in places, e.g. between Allahabad and Banaras, but 
had been cleared of armed savages; its reduction to farmland 
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was a matter of time, no longer of armed intervention. Gupta 
gold coinage, beautiful as it is, supplements Chinese pilgrims’ 
accounts to show that barter economy was becoming prevalent; 
Harsa’s coins are so few that the economic trend seems to have 
been virtually complete by the 7th century A.D. Other steps to 
feudalism were payment of officials by the income of specially 
assigned plots of land — impossible in the Rgvedic economy 
(when fixed plots did not exist) and frowned upon by the 
Arthasastra. The definition of the paramount ruler: raja tu 
pranatds esa-samanta fy syad adhisvaraty in Amarakosa 2.8.2. fits 
only the Yasodharman type of conqueror of neighbouring kings; 
sdmanta as “feudal baron” would not explain the given hierarchi- 
cal order: adhisvara, cakravartin, s&rvabhauma ; but if none of 
these, then a mandalesvara. It follows that the Amarakosa can- 
not be later 27 than the first half of the 6th century A.D. The 
tradition that places its writer at the same court as Kalidasa 
seems quite reasonable so that the work may be as early as the 
late 4th century A.D. On the other hand, I had placed the poet 
Bhartrhari in the opening centuries of the Christian era, which 
can be disproved on our deductions about the meaning of 
sdmanta. The Bhartrhari stanza 28 that begins bhrdtatj, kastam 
aho (or sd ramyd nagari in the southern recension) takes sdmanta 
as the high noble of a royal court, and is attested by all complete 
MSS. Inasmuch as the manuscript evidence also compels 
inclusion of the stanza bhavanti namras taravaty phalodgamaih 
which is to be found in the Sakuntalam 29 of Kalidasa (whereof 
the critical study needs to be extended), it follows that even 
the nucleus of the Bhartrhari collection contains verses composed 
two centuries or more apart; the archetype restored on present 
MS evidence still remains an anthology. 

To round out the discussion, it can be shown that the transition 
from the Rgvedic to the Arthasastra society as we have re- 
constructed it was natural. The relevant documents are the 
various brdhmanas, from whose diffuse liturgical contents a use- 
ful collection of data has been boiled down by W. Rau. 30 The 

27 Keith (Hist. Skt. Lit., p. 413) vaguely places him about 700 A.D., 
but without committing himself. 

2S The Epigrams attributed to Bhartrhari (Singhi Jain Series No. 23, 
Bombay, 1948) is the critical edition where the stanza may be seen as 
NO. 169. 

29 Ibid., stanza 63. In the 12th Nirnayasagar edition of the Abhijhdna- 
sakuntalam (Bombay, 1948, ed. N. R. Acarya), act 5, stanza 12; in 
Pischel’s Harvard Or. Ser. edition, 5.13. 

30 Wilhelm Rau, Staat und Gesellschaft im alten Indien (Wiesbaden, 

12 1957), particularly pp. 51-54. 


king of this intermediate period was a small princeling, without 
very rich elephant-owning ibhya vassals. As the first among 
equals, he could be deposed. The move towards absolute rule 
unrestricted by tribal law was also evident. The ostracized 
( aparuddha ) king appears again to intrigue in a somewhat more 
ambitious role in the Arthasastra. . Production on the land was, 
in each locality, in the hands of people with bonds of kinship, 
sajdta; this was the only form of association permitted on the 
Arthasastra ruler’s sitd crown lands, and the text has been 
emended to sujdta (high-born, upper-caste) by heedless editors. 
The correct reading is confirmed by the fact that even under the 
Mughals, villages were generally tilled by a birddari (kinship 
group), and undisturbed villages (e.g. in Maharastra) are still 
populated by people with the same clan-name, usually reminiscent 
of some totem (e.g. Magar, Landage, Vaji, More). While better 
developed than in the RV, the Yajurveda-Brahmana grama was 
still a mobile association of human beings, who moved seasonally 
with their cattle to and from one territory to the other; very 
different indeed from the fixed agricultural village of today. 
The meeting of two such groups on the transhumance march 
meant conflict, as the word samgrdma for battle proves. If, now, 
we take Geldner’s meaning for ibhya and Meyer’s for sdmanta, 
the Rgveda, the Brahmanas and the Arthasastra fail to give a 
consistent picture of developing Indian society. 

4. Udumbara 

Jean Przyluski ( JA . 208. 1926. 1-59) describing the Udumbaras 
as an ancient people of the Punjab, reached the conclusion: “On 
peut done admettre que Udumbara, Odumbara, Kodumbara sont 
les variantes d’un meme nom designant un peuple austro-asiatique 
du Nord de 1’Inde”. The basic theory, again in Przyluski’s 
words, seems to be as follows: “La repartition des populations 
de l’Inde avant Alexandre aurait ete le resultat de trois invasions 
successives. D’abord les Austroasiates recouvrent en partie 
l’element dravidien et ne laissent guere emerger que l’ilot brahui 
au Nord et les masses du Dekhan au Sud. Puis les Aryens, 
descendus dans l’lnde par le Nord-Ouest, s’etablissent progressive- 
ment dans les vallees moyennes de l’Indus, de la Yamuna, du 
Gange, et rayonnent autour de ces foyers de culture brahmanique. 
Plus tard enfin, les Bahllka, venus de l’lran oriental, s’infiltrent, 
marchands et aventuriers, ches les tribus austroasiatiques laissees 
a l’ecart par les Brahmanes; en organisant de vastes confedera- 
tions comme celle des Salva et en faisant circuler de l’Ouest a 
l’Est leurs caravanes, ils preparent la formation des futurs 
empires et assurent la liaison de l’lnde et de l’Occident”. 
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These conclusions have caught on very well with a certain 
class of brahminising disciples, lovers of the “explication 
specieuse” and “logique imperturbable”. The Austro-asiatics are 
even credited 31 with the Indus valley civilization and that of 
Sumer! Rather than plunge into the linguistic morass, it might 
be more profitable to analyse the technical details of the three 
supposed pre-Alexandrian invasions. 

The British “invasion” of India reached maturity in approxi- 
mately two centuries. Its ultimate cultural dominance and 
military success rested upon superior technique of production 
and a social form (the bourgeois) decidedly more efficient than 
feudalism. The Muslim invasion took six centuries to span 
comparable stages. The military technique is again well known 
while their developed feudalism was more efficient than the 
priest-ridden Indian system before them. In both cases, the 
success was out of all proportion to the actual number of 
invaders. There was no question of “submerging” the indigenous 
population, no matter how much Islam grew by conversion. So, 
Przyluski’s three invasions prior to Alexander’s ephemeral raid 
must have been much more powerful in numbers, not to speak 
of superiority in productive technique, military organization, and 
social form, relative to whatever existed in India at the time 
of each. 

The case for the Aryans supports these contentions at first 
sight. The older view that an “Aryan tribe” or “race” is as 
ridiculous a combination of attribute and noun as a “brachyce- 
phalic grammar” need hardly be considered. Strabo talks of 
Aryans on the banks of the Indus in Alexander’s day; Darius I 
claims in his grave inscription to be an Aryan of Aryan descent: 
ariya, ariyaciqa. So we need hardly go into the etymology of 

31 Suniti Kumar Chatterji in The Bharatiya Itihasa Samiti’s History 
and Culture of the Indian People, vol. I : The Vedic Age, chapter VIII, 
for the statement of the Austroasiatic hypothesis. On page 153 : “We 
may admit the possibility of Sumerian and Austric being related, for 
we have to remember that the Proto-Australoids, who are supposed to 
have been the original speakers of Austric, were a very ancient offshoot 
of the Mediterranean race, and as such in their trek to India where they 
became specially characterized they may have left some of their tribes 
on the way, or some of their kinsmen might earlier have preceded 
them and had established themselves in Mesopotamia, to become the 
Sumerians who built up the basic culture of that part of the world. 
But even then it seems that India was the centre from which the 
Austric speech spread into the islands of the east and the Pacific; and 
the theory that there is actually an Austric Family of Languages in 
its two groups of Austronesian and Austro -Asiatic, as propounded by 
Pater W. Schmidt, may be said to hold the ground still.” I can’t even 
understand this, let alone admit it. 


Hariana and Iran or speculate about the Germanic Arii in 
Tacitus. Archaeologists tell us that Aryan technique 32 as such 
does not mean any special type of pottery or tool; they picked 
up whatever suited them while smashing through the barriers 
of little atrophied peasant communities in Asia Minor. The 
military success of the first wave, dated 33 at about 1750 B.C., 
may be ascribed to the fast horse-chariot and a mobile food 
supply of good cattle. The second main wave at about the end 34 
of the 2nd millennium B.C. added thereto the knowledge of iron, 
the first cheap metal that made the heavy plough and extensive 
agriculture possible. 

This last point, of no importance to linguistic scholars, must 
be properly understood. In six African animal preserves, 36 the 
annual “production” of meat ranges from two tons to 34 tons per 
square kilometre. First class range land in Oklahoma yields 14 
tons of beef per square kilometre annually; good Belgian meadow- 
land runs to 45 tons. All this is with modem conservation and 
fire-arms. If the meat were to be procured by traps, pitfalls or 
bow and arrow, the actual yield would be much less; supple- 
menting primitive weapons by bush fires would cause (and has 
elsewhere caused) great ecological changes which deplete the 
supply of game and therefore eventually the human population. 
Briefly, a change from hunting and food-gathering to a pastoral 
economy in suitable territory would support, say, eight times the 
population on the same land; plough farming could again 
multiply the number of people by at least as great a factor. 

32 V. Gordon Childe, The Aryans (London, 1926). The work needs 
revision, but the basic idea seems uncontradicted by new finds. 

33 A. L. Oppenheim, The Seafaring Merchants of Ur, JAOS 74, 1954, 
6-17, a review analysis of Vol. V of the texts from L. Wolley’s excava- 
tions at Ur, by H. H. Figulla and W. J. Martin: Letters and Documents 
of the Old-Babylonian period (London 1953). The break (due to an 
Aryan invasion) came about 1750 B.C. if Meluhha be the Indus valley; 
though so competent a scholar as S. N. Kramer would take Tilmun as 
Harappa, it seems clear that the usual identification with Bahrein must 
stand (JAOS. 74. 1954. 179). W. Wiist, curiously enough, also placed 
the Aryan invasion of the Indus region as at about 1750 B.C. (WZKM 
34. 1927, p. 190), but this is simply a guess from poor archaeological 
material, without a scientific method for estimating the time from 
linguistic sources alone. 

34 The two-wave theory was confirmed by personal discussion with 
Prof. S. P. Tolstov, in 1955. The mention of Istasva ( = Vistaspa?), 
I?tara-smi, and Susravas (Husravah) in the RV seemed to me philological 
evidence for the second wave ; the archaeological basis in India may 
be the two layers of the Harappan cemetery H. Prof. Tolstov also 
showed Indian type of faces in Kushan frescos (Note 39 below), and in 
a skull reconstruction. 

36 The data will be found in New Scientist No. 251, Sept. 7, 1961; p. 566. 
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Moreover, cattle-breeding and agriculture provide a regular food 
supply, where food-gathering is uncertain. 

Only the Indus region and part of the Gujarat loess area could 
have had any farming other than primitive slash-and-burn 
(Brandwirtschaft) or digging-stick cultivation before iron became 
plentiful. The river flowing through an alluvial desert in a 
tropical climate is of the utmost importance. That is why we 
find the first civilizations in Mesopotamia, on the Nile, the Indus; 
not on the Amazon nor the Mississipi. Next best would be a 
loess corridor, as in China and on the Danube. This explains 
why the Ganges and Yamuna, though eventually the main 
centres of brahmin culture, could not have had any significant 
settlements till iron became relatively plentiful - not before the 
8th century B.C. The first “Aryan” settlements were in upper 
Punjab and along the Himalayan foothills. Banaras is perhaps 
the earliest of the riparian states. Rajgir owed its position to 
the great ore deposits which lay close and to the south-east. The 
control of ore sources rather than brahmin organization of vast 
confederacies explains why Magadha was the first “universal 
empire in India. The “masses du Dekhan” did not exist. Though 
Paithan was the terminus of the dakkhindpatha (southern) 
trade-route from Kosala, the Deccan plateau was not opened to 
extensive agricultural settlement till late in the 6th century B.C., 
and could earlier have provided neither hunting nor pasture 
comparable to the best northern territory. The coastal strip with 
its terrific rainfall and heavy forest was developed after Asoka. 
The pre-Aryan invasions meant at most a relatively thin 
scattering of stone-age people, except for the Indus valley. 
Even here, the light plough or harrow and flood irrigation must 
have been the norm ; the absence of good ploughs and of canal 
irrigation may be deduced from the low density of ancient urban 
ruins in Sind and the lower Punjab as compared to Iraq. 

Any preponderance of Aryans in number could only have been 
due to their ability to colonize lands undeveloped before their 
time, particularly the wooded foothills of the upper Punjab and 
the Gangetic basin; not that they came to India in great numbers, 
but that they bred faster and had a higher expectation of life 
because of the improved and more regular food supply. Aryan- 
ization thereafter means primarily the progress of plough agri- 
culture in fixed land holdings - with a new social organization 
to correspond. The only people that adopted this without the 
Aryan idiom are Dravidians, not Austro-asiatics. So far as I 
know, neither the primitive Australians nor those aborigines 
whose languages (e.g. Munda, Khmer, etc.) serve as source- 
material for the Austro-asiatic theory produced any striking inno- 


vation in food production. Whatever they know of serious 
agriculture, metal work, pottery and handicrafts (except weaving 
baskets and fishing-nets) seems to have been learned after the 
“Aryan invasion”, so that they still remain nearer to the food- 
gathering .stage than any other people in the East. 

The Udumbara tree ( Ficus glomerata) is native to India. Its 
sanctity, use of its wood for royal consecration thrones, and its 
edible fruit indicate that it was a totem tree. In fact, there is 
a historical Udumbara tribe on whose coins 38 a tree normally 
appears, presumably the udumbara. There still exist low-caste 
Udumbaras in Gujarat and a few Udumbara brahmins as well. 
The great Sanskrit poet and dramatist Bhavabhuti was such an 
Udumbara brahmin. 37 This does not mean organization by the 
brahmins of a “vast confederation” but that brahmins were 
adopted into the tribes, or joined the tribal priesthood. This 
process continued down to the last century 38 and is in fact the 
principal method whereby successive developing groups of 
atavika savages were enrolled as endogamous castes into general 
Indian society -the formal aspect of “Aryanization”, even in 
Dravidian regions. 

5. Sakadani 

The classification of ancient Indian peoples on a slender 
linguistic basis into Aryan and non-Aryan or pre-Aryan groups 
often excludes the possibility of consistent statements about 
customs, manner of life, or ethnic affinities. The Brahui “island” 
in the north is explained on the basis of a pre-historic Dravidian 
population all over the country. Actually, there is no reason 
to treat it as other than a casual survival of unabsorbed trading 
settlers from the south in historic times. Tolstov’s excavations 
at Khorezm show unmistakable south Indian types in stucco 
relief depicting soldiers on garrison duty for the earlier Kusanas 
in Central Asia ; the find is supported by anthropometry of the 
skulls dug up at the site. AlberunI 39 refers to Kanarese soldiers 

36 For Udumbara coins, J. Allan’s Catalogue of Coins in the British 
Museum, Ancient India (London, 1936), pp. 122-123. The legend is 
Odumbara and the region the Beas valley of the Punjab. 

37 The sutradhara in the prologue to the drama Malatimadhava says 
that the poet belonged to a group of brahmins settled at Padmapuram 
in the south (dakfinapathe) : Taittiriyah Kasyapah; Udumbara-namanah. 

38 The most recent example known to me is of the Tigalas, whose 
tribal fertility rite was given respectable ancestry by a brahmin during 
the second half of the last century, and is now the most impressive 
popular festival at Bangalore. 

33 E. Sachau (trans.), Albiruni’s India, 2 vol. (London, 1910); vol. 1, 
p. 173. For dark-skinned guardsmen at Toprak-kala (Tolstov’s excava- 
te 2 
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in the armies of Mahmud of Ghazni. Adventurers from the 
Dravidian section of the Peninsula had set up considerable 
factions at various courts, by the 11th century, even in Bengal. 40 
Unless the existence of Brahui can be proved, say in the Illrd 
millennium B.C. in about the same place as today, the linguistic 
explanation lacks force. The thesis becomes still less convincing 
when the Burushaski “island” on the Karakorum is taken into 
account. The assumption that the non-Aryan and non-Dravidian 
languages of India, all primitive tribal idioms, can be grouped 
together as having a common or similar “structure”, whatever 
that term may mean, is doubtful. 

Przyluski ( JRAS , 1929. 273-279) derived Prakrit sdtakani from 
kon “son” (Munda) and sadom “horse” (Santali, Mundari, etc.), 
as “son of the horse”. He notes the horse emblem on certain 
Satavahana coins, then the Visnuite-saiva conflict and the flower- 
ing of Prakrit under a Satakarni Hala. The conclusion is : 
“Quand on voudra mesurer la part des influences anaryennes 
dans le developpement de la litterature prakrite, on ne devra 
pas perdre de vue que Tonomastique des Andhras contient un 
important element austro-asiatique”. 

This slipping off into a groove spoils an otherwise valuable 
study. There is no question that the Satavahanas rose from 
low tribal origins. 41 Their region, as has been explained, had no 
agriculture to speak of before the 6th century B.C., hence could 
not have supported anything beyond small tribes with petty 

tions) in the 3rd century A.D., see A. Mongait, Archaeology in the 
USSR (Moscow, 1959), p. 272. The wide extent of the Kushan empire 
not only made it possible to bring in soldiers from great distance, but 
even attracted mercenaries from beyond the imperial frontiers. 

40 The Senas who superseded the Palas in Bengal were apparently 
of southern origin; Gangeyadeva of Tirabhukti seems to have had 
Kanarese ancestors; some Fala queens and princes are named in 
Kanarese style, and the final stanzas of the drama Canda-kausika imply 
that the wiles of the Nandas were practised at the Gurjara-Pratihara 
court by Kanarese nobles (cf. the introduction to the Subhafitaratna 
ko?a of Vidyakara, HOS, vol. 41, Cambridge, Mass. 1957). 

41 The low tribal origin of the Satavahanas is preserved in Jain tradi- 
tion, e.g. Rajasekhara-suri’s Prabandhakosa (ed. Jina Vijaya, Santiniketan 
1935; Singhi Jain Series 6), story 15. The original Satavahana was born 
of a brahmin widow ravished and impregnated by the naga (cobra- 
demon) of a pool in the Godavari river ; Paithan was then a hamlet, 
and the widow’s two brothers lived there by some sort of food-gathering. 
Taranatha (in A. Schiefner’s translation) similarly reports a naga father 
for the first Pala king. With the Mbh heroes, of course, we have the 
immaculate conception in the manner of Trobriand islanders, which 
means that the father was traditionally unknown, fatherhood then being 
of no importance ; the Mbh tradition must basically have been pre- 
patriarchal, hence pre-Aryan. 


chieftains ; certainly not an “Aryan” king. The horse introduced 
by Spaniards in America ran wild, bred in large numbers, and was 
then used by Amerinds of the prairies, who thereby became more 
efficient in killing the bison. The Aryan horse would similarly 
have reached some aborigines in the Deccan, or been acquired 
from northern caravan merchants by way of trade. The tribe 
or family groups who first used horses would gain superiority 
in warfare and the hunt. Satakani would be equivalent with 
“horse totem”, which agrees with Przyluski’s findings ; but the 
Austro-asiatics are superfluous, inasmuch as the totem is found 
with the horse all around the old world, from the White Horse 
of the Saxons to the clan name Ma among the Chinese. 

The development into Satakarni and Satavahana is of peculiar 
interest. The name is apparently a direct Sanskritization of 
sdtakani by late writers in possession of extensive and beautiful 
Prakrit literature, but ignorant of the actual dynasty whose tribal 
origins had vanished into dim antiquity. The Kalki ( anu - 
bhdgavata) Parana 42 reports a Saptivdhana king named 
Sasidhvaja, who gave his daughter to Kalki. That Kalki was a 
minor historical character later promoted to a messianic future 
avatar a is clear from all extant narratives; he was the son of a 
brahmin and a woman of the low Matanga caste (our ibhyas again) 
and his symbol is the white stallion. Sapti is good vedic Sanskrit 
for horse, with special reference to the sacred horses of the sun- 
god’s chariot. Both sapti and saptan “seven” could be prakritized 
as sdta ; the natural confusion may account for the seven horses 
of Surya, who is called sapta-sapti and so depicted in many 
icons. The vahana “vehicle” of an Indian deity is generally 
shown as his mount, but is obviously a totemic manifestation of 
the god or goddess. Thus Brahma is the swan. Clear evidence 
of pre-historic and pre-Siva worship of the humped bull 43 has 
been uncovered by archaeologists. The large animal which 
normally occupies the greater part of an Indus seal is presumably 
a clan emblem, just as the Athenian Boutadai had their shields 
marked with a bull’s head. There is a direct line of descent 
from the prehistoric ice-age artist’s pebble “sketch-sheet” and the 
stamp seals and cylinder seals used to protect merchandise from 
Mesopotamia to the Indus. 

Saptikarna “horse-ear” sounds like a “split totem” which 
sometimes develops when a primitive exogamous clan splits into 

42 In the printed edition (without frontispiece, Bengali form of 
devanagari type) 8.1 ; the Saptivahana is given as king of Bhallatanagara. 

43 The latest such excavations known to me were by F. R. and Mrs. B. 
Allchin at PiklihaJ ; their final report has not yet come to hand. 
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two or more units. The clan name Ghotaka-mukha “horse-face” 
occurs in the gotra lists and the Kamasutra, 44 while Ghotamukha 
is reported in Arth. 5.6 as a former master of political science 
Earlier, the legend of Sunafy-sepa and his brothers, each of whose 
names means “dog’s tail” and famous gotra names like Saunaka 
(from svan “dog”, sunaka “puppy”) carry one in the same 
direction. There is actually a Sanskrit word for “split clan”, 
namely gotrdvayava (Pan. 4.1.79) . In Pan. 4.1.173 the Udumbaras 
and others are (according to commentators) avayava components 
of the Salvas ; this is treated as a confederacy by Przyluski, but 
the two possibilities are not mutually exclusive. The etymology 
of gotra “cowpen” and the comment on Pan. 4.3.127 implies that 
at some stage, the local gotra group had a distinguishing mark 
for its men and brand for cattle-presumably owned in common. 

Salva is given as tree with edible fruit by some commentators 
on Pan. 4.3.166 ; a large number of brahmin gotra names 45 are 
edible tree- or animal-totems as among so many savages and for 
that matter among Latin gentes. We shall consider here only 
six examples of Sanskrit names ending in karna, none in the 
same category as manda-karna “hard of hearing”. In the gana 
Sivadi (Pan. 4.1.112) are found (in the Kasika also) the clan 
names trnakarna (var. tuna -) , mayurakarna, masurakarna, khar- 
jurakarna; respectively “grass-ear”, “peacock-ear”, “lentil-ear”, 
“date-ear”. These exclude the split totem; nor can they be used 
to describe shape or colour of a human ear. The analogy with 
saptikarna is clear, and one may point to a saunakarni “son of 
dog-ear” in the gotra lists. Still better known is Jatukarna “bat- 
ear”. In each of these cases, the termination - karna signifies 
“descent from” rather than a split totem. Finally, the demon 
Kumbhakarna might have had ears like pot-handles (e.g. the 
Scottish “lug”) . But the kumbha is often the homologue of the 
uterus and symbolizes a mother-goddess. This would explain 
the otherwise stupid account of the hundred Kaurava sons and 
one daughter of Gandhari being born through the intermediacy 
of ghrta-kumbha ghee-jars; that many of these sons were patron 

44 Gho(akamukha is reported in Kamasutra 1. 114 as the authority for 
the third section of that work. Hayagriva and Hayavadana may be 
adjectives, and Hihaya may or may not be connected with the horse, 
in spite of the termination. 

45 The best available gotra lists are in J. Brough; The Earl® Brahmanleal 
System of Gotra and Pravara (Cambridge, 1953) ; actual gotras found 
in Mahara$tra among the Desastha brahmins have been collected by 
V. T. Se^e in his Gotravali (in, Marathi ; Yajnavalkya Asrama, Poona 

20 1951). 


yaksa cacodemons of northern towns 4 ® is known. Vasistha and 
Agastya had similar origin, being born from womb-jars, and the 
acdrya Drona’s name as well as birth-story throws him in the 
same category. Drauni and Draundyana are again listed as 
gotras. Drona’s son Asvatthaman bore in his forehead (from 
his very birth) a precious jewel -the symbol of a naga. So, the 
Sanskrit termination -karna can signify “son of” as in Mundari, 
and may be associated with pre-Aryan elements. That a man 
has a good Aryan name does not mean that he had an Aryan 
father, nor even that he had a father at all. 

6. Parallel development 

It might seem at this point that I merely replace Austro-asiatic 
by naga or some such change of name. The matter lies much 
deeper, being the gradual and progressive absorption of many 
distinct atavika tribes into general Indian society which had had 
its own course of food-producing development since 3000 B.C. 

The influence of food-producing neighbours, infiltration by 
caravan merchants, Buddhist, Jain and other monks, brahmin 
priests and an occasional adventurer of some military capacity 
would generally introduce food-production and a class structure. 

From that stage, the course of assimilation depended upon the 
relative wealth and armed strength of the environment. The 
important point is that there was always a reciprocal influence. 

It seems to me that forgotten tribes show their existence in the 
onomasticon of peasant deities, particularly the mother-goddesses; 

Sirkai, Tukal, Bolha'f, Mengai, Songzal, Kumbhalja (and of course 
the pre-Sakyan Lumbim) seem to have no acceptable derivation. 

The folk etymologies are demonstrably eponymous, sometimes 
as crude as the world-derivations in the Brahmanas and Upa- 
nisads. But there is nothing to show that any of these were 
Austro-asiatic nor that they all belonged to one pre-Dravidian 
or pre-Aryan group. Brahmin tradition lumped all kinds of 
abo rigines together under the generic title naaa (cobra or more 
rare ly~elephant) , pr esuma bly as snake-worshippers. The ndaa 
cob ra becomes a girland toF^TvaTbed and canopy for Visnu, the 
patron demon for m any Buddhist viharas and a few cities. The 

46 Sylvain Levi, Le Catalogue geographique des yak?as dans la Maha- 
mayurl ; Journal Asiatique 5. 1915 (i). 19-138 ; line 23 of the Sanskrit 
text, Duryodhanas ca Srughnepu ; but the list is composite, probably 
from many different sources : 1.60 -siddhayatras tatha Srughne. For 
Bharukaccha, Bharuka in 1.17, Asanga in 1.43 ; for Rajagrha, Vajrapani 
in 1.3, Bakula in 1.6., Kumbhira in 1.101. Not that there heed be only 
one yak?a per city, but the principal guardian could be’ only one — .here 
a different one for each particular tradition among the worshippers. 21 
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mother-goddesses are, whenever the number and wealth of their 
worshippers warrants it, identified with Durga, LaksmI, or the 
like, “married” to the corresponding god and worshipped in 
suitably endowed temples. This brahminization reflects the 
underlying change from food-gathering in independent tribal 
units to food-production in a society that preserved endogamy 
and a (hierarchical) commensal tabu as features of its caste 
system. This preservation is due primarily to the fact that food- 
gathering remained a powerful supplement to agriculture till 
the forests disappeared, while clothing and shelter are not 
physically indispensable over most of India. It should be noted 
that Indian monastic tradition als o has deep roots in the food- 
gather ing tradition" 

The dangeFoTtreating “Aryan” as a homogeneous unit over 
any considerable extent of time or space, or even in any large 
literary source formed over many centuries, may easily be 
demonstrated. The Madra tribe in the Mahabharata was settled 
in the north-west, along with the allied Salva, Udumbara, Bahllka 
and Gandhara. Both Panini and Patanjali came from or near 
this territory. The more learned Upanisadic philosophers 
(Brhad. 3.3.7 and 3.7.1) claimed to have wandered among the 
Madras to study the yajna fire-ritual, the very core of the sacred 
vedas. The local host is named as Patancala Kapya. Jataka 
tradition supports this independently in placing Taxila as the 
main center of (vedic, Sanskrit and medical) education to which 
Gangetic princes and brahmins travelled by the great northern 
trade route, the uttarapatha. For that matter, the Upanisads 
(Chand. 5.3.5.11; Brhad. 2.I.6.2.) show brahmins at Kasi and 
Pancala learning high philosophy from ksatriyas; this perfectly 
genuine though unbrahminical tradition was continued in history 
by great Magadhan ksatriya teachers like the Sakyan Buddha 
and the Licchavi Mahavlra. Nevertheless, Kama as the ruler of 
Anga in the east exchanges biting discourtesies with king Salya 
of Madra-land, though the latter has agreed to act as Kama’s 
charioteer in the imminent desperate and hopeless contest. The 
reproaches against the Madras and their neighbours are that : 
Women mixed freely with men, without restraint or modesty. 
All drank and ate meat. The ladies would cast off their garments 
to dance when intoxicated. . . . Still more shocking was slackness 
in observance of caste distinctions (8.30). “There a Bahllka 
who has been a brahmin becomes a ksatriya, a vaisya or sudra, 
or even a barber. From a barber he again becomes a brahmin. 
Having been a twice-bom ( dvija ), he there becomes a dasa 
again. ... In the same family one (male) may be a brahmin while 
the xest are common workmen”. 


It does not seem to have struck the brahmin redactors of the 
Mbh, nor for that matter Salya himself, that this kind of abuse 
sat ill in the mouth of Karna. Though ranked as a pre-eminent 
ksatriya, Karna had no legal father, had been exposed by his 
unwed mother to hide her shame, rescued and brought up as his 
own son by a lowly professional chariot-driver. The censure 
only proves that the Madras and their allies retained the older 
Aryan custom whereby no man was degraded by his profession, 
while ritual had to be performed by some member of the family 
or clan. (Parenthetically, this last rule alone can explain the 
presence of so many tribal names in the brahmin gotra list, 
whether the brahmins were originally strangers adopted into the 
tribe or members of the tribe who specialized in pontifical 
functions). The quotation agrees very well with sutta 140 of 
the Majjhima-nikaya. The Pali discourse reminds the brahmin 
Assalayana through the mouth of the Buddha that in Yona, 
Kamboja, and other regions beyond the (north-west) frontier, 
there were only two castes :Arya (= free) and dasa (— slave) ; 
moreover, a person who had been an Arya could become a dasa 
and conversely. That is, the Madra-Bahlika-Gandhara-Kamboja 
lands had developed a form of chattel slavery nearer to the 
classical Graeco-Roman model than to the complex and rigid 
caste system evolved in the Gangetic plain. As explained, the 
latter was better suited for the peaceful absorption of savage 
tribes in the warmer and wetter parts of India, under the con- 
ditions that prevailed before mechanised production became the 
norm. This cumulative difference had become significant by the 
end of the 4th century B.C. Earlier in the great epic, a Madra 
princess famous for her beauty had literally been purchased by 
Bhisma as legal wife for his nephew Pandu, with no more ado 
than over a basket of vegetables: Pandor arthe parikntd dhanena 
mahata tadd (Mbh. 1.105.5) . This passage proved so embarrassing 
to later brahmin orthodoxy that several versions of the Mbh. 
insert discordant interpolations to explain it away. The smrtis 
forbid bride-price for the upper castes (Ms. 3.51-3) as amounting 
to the sale of a daughter; therefore, in the high arsa form of 
marriage, the gift even of a pair or two of cattle to the bride’s 
father was forbidden (Ms. 3.53). Nowhere is the wedding of 
Madri declared Asura as it would be by Ms. 3.31; it might be 
added that the custom is permissible and normal in some 80 per 
cent or more of the Maharastrian population; brahmins do not 
hesitate to officiate (for a consideration) at such weddings. 

The change from Rgvedic to Yajurvedic Aryans corresponds 
rather well to that between the ruder Germani of Tacitus and 
Caesar’s Gauls of the later La Tene iron age culture. This is 
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another example of parallel development, not a suggestion that 
the Druids were really bramins or that Caesar must be later 
than Tacitus ! When we look for totemic origins in the gotra 
lists, there is no implication that the brahmins concerned were 
comparable to medicine men of Austro-asiatic savages. Never- 
theless, brahmin penetration of the priesthoods of comparatively 
savage groups is demonstrable or deducible from the earliest 
“Aryan” period down to the last century. The Manusmrti 
interdict at a feast for the manes upon any brahmin who sacrificed 
for tribal organizations gatidndm caiva yajakah (Ms. 3.164) 
would otherwise have been quite superfluous. How explain the 
Saigrava gotra (attested by a Mathura inscription 47 though 
absent from surviving gotra lists) among brahmins except by 
association with the Sigru tribe of the Rgvedic (RV. 7.18) 
Ten Kings’ War? Is not the tabu upon the sigru (“ Moringa 
pterygosperma”) as food for ascetics (Ms. 6.14) of such tribal- 
totemic origin ? The iguana is specially excepted (Ms. 5.18) from 
the tabu on the flesh of five-nailed creatures, but eaten today 
only by the lowest castes ; what of godhdsana “iguana eater” as 
a gens in the gana Kasyadi (on Pan. 4.2.116) ? The hungry 
brahmin wanderer Baka Dalbhya (or Glava Maitreya) spies in 
Chandogya Up. 1.12 upon an assembly of dogs, led by a white 
dog ( sva s vet ah) as they dance hand in hand to perform an 
udgltha chant for food. This can only mean a fertility rite of 
a dog-totem clan ; I have witnessed similar chants and dances 
among the lowest Indian tribal castes. A Kukuraka (“dog”) 
tribe is listed among the formidable military tribes in Arth. 11 ; 
a cut above the dtavikas but dangerous to royal power. The 
historical name Kokerah for the region about Ranchi in Bihar 
may be due to the Kukurakas. We have already noted the 
brahmin saunaka gens. 

In the same way, modern linguists talk of a Kol language or 
group of languages. A Koliya tribe is clearly referred to in the 
Jatakas as having the Kol tree Zizyphus juluba as a totem ; the 
Sanskrit name badara for the same jujube tree leads to Bada- 
rayana, whom no one relates to the Koliyans. In Marathi, Koli 
(like naga fu rther north) means the originally het erogeneou s 
marginal tribe-castes that took late in history to agriculture and 
were often pressganged for por terage in army service. The same 

47 H. Liiders noted in reading the Mathura inscription ( Eplgraphia 
Indica 9.247-8) that the brahmin of the Segrava gotra there named was 
treasurer of the Aaka k$atrapa king Sodasa ; the title gamjavara, of 
Which this seems to be the earliest mention, is a loan word from the 
Persian ganjwar. Liiders further comments that 'the legendary pre- 
ceptor of deary a Moggaliputta TiSsa was a Siggava. 


word also means snider and fisherman, presumably because the 
fisherman makes and uses a net to c atch his prey as a spider his 
“web. Here the derivation is not totemic but occupational ; heavy 
diposits of microliths at certain favoured spots on the river bank 
surely indicate pre-historic fishing camps in Maharastra. Men 
of the Koli caste still catch fish and keep up age-old cults at some 
of these places, as at Cas-Kaman. The Sakyans seem closely 
related to the saka tree ( Shorea robusta) a nd there existed two 
sub-groups among them known as reed-sakyas, and grass-sakyas 
the last being reminiscent of trnakarna. Pippalada as a gotra 
has a modern non-brahmin counterpart among the Pimpless (now 
a surname, once a clan) who, at their village Pimploli, still 
observe characteristic tabus such as not eating off plates made 
of pimpal ( Fiscus religiosa) leaves. This should place the 
Udumbaras in proper perspective. 

There still exist tiny remnants of a gavall tribal caste, who 
live solely by pasturing cattle. To most city-dwellers gavall 
means only “milk-man” whatever his caste. Remote villages 
report strong traditions which show that the now extinct gavalls 
were relatively more numerous at one time and relatively more 
important in the rural economy. This sounds like an Aryan 
invasion, but I have been unable to find any indication of their 
possessing horse-chariots, the heady soma drink, the over- 
developed fire ritual or the powerful aggressive tendencies of 
vedic Aryans. Archaeologically, their successive waves appear 
in the western Deccan to be responsible for megaliths, rock- 
engravings of a peculiar type, upland terraces not meant for the 
plough, and certain remarkable mortarless structures ( vddage ) 
of undressed stone that are traditionally cattle enclosures though 
never used now as such. The terraces and vddage are sometimes 
ascribed to the mythical Age of Truth ( satya yuga) by older 
peasants. Occasionally, the pastoral cults survive in the name of 
a compartively rare patron god of cattle : gavaluji-baba. Still 
rarer is the use of the term to describe a village. One such is 
Gavalyaci Undavadi not far from Baramati, with a companion 
village Coraci Undavadi. The village Coraci Aland! has a tradi- 
tion that the qualification ‘thief’s” was originally genitive plural: 
coramci “of the brigands”. The origin of this latter village can 
be traced back to long before the 8th century A.D. The added 
c ora both at Aland! and Undavadi merely denotes a settlement 
of tribal origin which long retained habits of brigandage, taking 
to plough culture much later than neighbouring villages. This 
would be impossible to restore without field work, merely from 
the etymology of gavall and cora ; in the latter case, distant 
villagers invent seme repentant thief who originally settled the 
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village of Aland!. The primitive goddess Bolhai is reported by 
her senior worshippers, the Vaji (“horse”) clan at Pasane, to 
have been taken by coras to her present location, which represents 
tribal cult migration quite accurately. 

A modern observer could report (New Yorker, April 18, 1959, 
p. 119) that in the neighbourhood of Pawa in north-eastern 
Congo : “The pygmy women used a kind of sing-song in their 
speech . . . and there were experts who believed that this was 
the vestige of an ancient pygmy language ; nowadays the pygmies 
had no identifiable language of their own, merely speaking that 
of whatever settled tribe they lived near. . . . They had a natural 
balance of trade — the sort of mutual dependency that naturalists 
call symbiosis. The pygmies killed game and gave some of it 
to the villagers, whose normal diet lacked proteins, and in return 
got the products of agriculture — mainly bananas — which, as 
nomads they did not grow themselves. Nowadays . . . the pygmies 
are accustomed to a steady supply of bananas and this keeps 
them from disappearing into the forest for very long. The men 
may hunt for days on end, but meanwhile the women will go 
back to the villages to fetch bananas and this ties them all down 
to some degree.” No better illustration could be found of the 
development of primitive languages in relation to food gathering 
and food production. Now add the following important remarks 
by T. Burrow (Trans. 19, Bull. Ramakrishna Mission Inst, of 
Culture, Feb. 1958) : “The number of loan-words in Sanskrit, 
which cannot be explained as either Dravidian or Munda, will 
remain considerable. It may very well turn out that the number 
of such words which cannot be so explained will outnumber those 
which can be. This is the impression one gets, for instance, from 
the field of plant-names, since so far only a minority of this 
section of the non- Aryan words has. been explained from these 
two linguistic families. If we take, for instance, the name of the 
jujube (Zizyphus jujuba ) , we find four synonyms, all obviously 
non-Aryan words, namely kuvala or kola, karkandhu, badara and 
ghonta ; and none of these has been explained out of either 
Dravidian or Munda. Evidence such as this leads to the con- 
clusion that there must have been several non-Aryan languages 
or families of languages which exercised an influence on the 
vocabulary of Indo-Aryan”. Inasmuch as the total number of 
words in use has grown with social production, it may be better 
to concentrate upon parallel development rather than invent 
fictitious origins. 

Language is surely a means of exchanging ideas, which cannot 
precede the exchange of surplus. This implies that any language 
common to more than a handful of people must have been pre- 


ceded by commodity production and exchange on a corresponding 
scale. But it is known that, in the most primitive societies, such 
exchange is not simple public barter with a basic standard of 
equivalents modified by haggling or by the laws of supply and 
demand. On the contrary, the exchange appears at its most 
primitive level in the form of gifts that cannot be refused and 
must ultimately though not immediately be compensated by a 
reciprocal gift from the recipient. Moreover, these gifts are only 
to be made between fixed persons 48 of different tribes in a special 
relationship, “trade friends”. Within the tribe, such gifts are 
obligatory, dependent upon the status of the giver, with no idea 
of compensation — a form of distribution of the surplus. It seems 
plausible that at a still earlier period, the tribe was fused out 
of individual totems on the same basis, with exchange of h uman 
beings in some form of exogamous “marriage” as a concomitant 
of the transfer of food (often the special totem product) or 
techniques. If so, the development of language cannot be sepa- 
rated from the succession of pre-historical stages through which 
a given society has passed. 

The position stated does not approach the formalism of Marr’s 
Japhetic Theory which derived all Caucassian languages and 
perhaps all languages from the four mystic syllables yon, ber, 
sal and ros. It differs also from the Durkheim-Levy-Bruhl 49 type 
of sociology which takes “pre-logical” mentality as a fixed 
characteristic of certain ethnic groups, not as the concomitant of 
the various stages of development through which the particular 
group reached its actual level of social production. One may 
leave out of discussion the higher mentality which takes slums, 
world wars, massive colonial suppression and nuclear bombs as 
logical assets of civilization ; but two questions remain. Did not 
the superior “logical” people once pass through the same “pre- 
logical” stage, say when their ancestors could make only the 
simplest tools of stone ? Secondly, what caused the change from 
the pre-logical to the logical mentality ? One possible answer 
has been suggested in this note. 

48 See particularly, B. Malinowski, Crime and Custom in Savage 
Society (London) 1940, pp. 22-25 ; also, Margaret Mead : Sex and 
Temperament in Three Primitive Societies (Mentor Books, New York 
1950) : pp. 19-20 and 31 for the Arapesh. 

49 L. Levy-Bruhl, Les Fonctions mentales dans les societes inferieures, 
translated into English as : How Natives Think (New York, 1925). 
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Two years prior to his sudden death Professor D. D. Kosambi 
published an article in the international magazine Man (1963, 
Vol. LXIII, No. 60) on “Prehistoric Rock Engravings near Poona” 
and we had the good fortune of seeing these engravings with him 
and he hoped we would undertake a fuller archaeological 
examination. 

The question before us is: Are the engravings natural or 
artificial, that is man-made ? The late Professor Kosambi (1963) 
thought that these were carved by man, but it could not be 
decided who this man was nor could we know anything about 
the significance of the marks, because there was no local tradition 
about them. He cites the view of old villagers that the plateau 
was occupied at one time by pastoral ( gavali ) migrants from 
the north who did not use the plough. 

Since the microliths are also found on the plateau, Kosambi 
assumed that the plateau was inhabited by people in prehistoric 
times and in the same strain argued that “A set of over 50 cairns, 
2300 yards west by south probably represents a necropolis which 

re-used some engraved boulders” (1963, p. 58) . 

An excavation on the site and elsewhere, for instance at 
Bhosari, 15 km. from Poona on the Nasik road, could, he thought, 
tell us whether these were prehistoric burials or not. 

For a proper and fuller understanding of the problem, we have 
to proceed slowly, step by step. For instance, we should 
establish that : 

(i) the engravings are not natural ; 

(ii) if made by man, how — with what tools — and when, and 
why he has carved these engravings ; 

(iii) the so-called cairns are true cairns and not residuary 
clusters of stones, left by weathering ; and 

28 (iv) the microliths really belong to a prehistoric period. 


Professor Kosambi was very anxious that we (the Deccan 
College) or some other archaeologist (he had Dr. Allchin in view) 
should take up these problems, though he seemed to be convinced 
that the entire complex was prehistoric. Unfortunately, we 
could not devote any time to any of these problems as we were 
engaged with the problems on hand. In this short paper we 
have taken up the problem of the genuineness of the carvings, 
leaving the other two, viz., cairns and microliths, for a future 
investigation though our provisional views on these will also be 
given. 

The problem of the carvings is not so easy or simple as 
Kosambi seems to have assumed. For unlike many genuine 
engravings which are found on vertical rock surfaces, these Vetal 
or Pashan hill engravings are found on a plateau which is strewn 
with flattish boulders. So the effect of weathering on such 
exposed rock surfaces under various climatic conditions has 
got to be taken into account, as well as the character of the rock 
and the work of micro-organisms. Though a number of areas 
have been referred to by Kosambi in his brief article we have 
selected for a close study a part of the Vetal hill plateau which 
lies about 1 km. south of National Chemical Laboratory, Poona. 

On our way to Vetal hill from Pashan side we came across so- 
called ‘basalt bombs’ (Kosambi, 1962). The formation of ‘basalt 
bombs’ is clearly connected with the typical spheroidal weather- 
ing of basalt and this process of weathering is mainly controlled 
by the joint patterns of basalt. Regarding these ‘basalt bombs’ 
Kosambi says, “The grooves exist on several stones, and are not 
to be confused with the ‘basalt bombs’ which are often seen in 
the Deccan rocks. The latter are generally hard egg-shaped 
cores of basalt surrounded by many crumbling layers of soft rock. 
Weathering gives the whole bomb a curious resemblance to the 
engraved oval, though the latter do not have wider, deeper, and 
smoother in place of the narrow-inter-strata lines. The bombs 
may have supplied the models for primitive megalithic builder’s 
marks” (Kosambi, 1962, pp. 135-36) . 

From this narration it becomes very clear that there is a very 
close similarity between the megalithic engravings and the 
natm-ai grooves produced by spheroidal weathering of basalt 
( fate II A). The only test, according to Kosambi, for 
distinguishing man-made grooves from the natural ones, is the 
nature of surface texture, width and the depth of a groove. 
Accordingly man-made grooves are supposed to be uniformly 
smooth, quite wide and deep (say about 2 to 3 cm.) . 

Against this background we carefully examined the grooves 
associated with engravings of Vetal hill. We mainly studied the 
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joint system of the rock outcrop which has been grooved and 
the depth, width and smoothness of various grooves. 

The rock exposed on the plateau of the Vetal hill is mostly 
compact, grey, slightly amygdular and porphyritic basalt. It is 
traversed by a number of joints, both large and small, running 
mainly in NS-EW directions and sometimes in ESE-WNW direc- 
tions. The surface of the rock is black and is covered with 
lichens and fungus. The growth of these micro-organisms is not 
uniform and many times a circular pattern in their mode of 
growth is also observed. The plateau is subjected to sheet flood- 
ing during the monsoons and channel flow is restricted to small 
gullies and rillets. The engravings occur on a outcrop with a 
very gentle slope towards the west. The engravings are mostly 
circular and sometimes elongated oval shaped (Plate I) . The 
figures with 3 or 4 concentric circles are quite common with a 
maximum outer diameter ranging from 40 cm. to 70 cm. The 
depth as well as the width of these grooves were found to vary 
between 2 to 3 cm. The surface of the groove is not always 
smooth and at times it is as rough as the surfaces of a natural 
groove in the same area. Our sample survey of the rock engrav- 
ings on Vetal hill suggests that in an area of about i km. the total 
number of such figures was about 50 and its further break-up 
is as follows : 

32% of the figures are complete with 3 or 4 concentric circles. 

28% of the figures are complete with 2 or 1 concentric circles. 

24% are incomplete with 2 or 1 circles. 

8% are doubtful but nearly circular with one or two concentric 
circles. 

8% are incomplete and in the process of making nearly circular 
outline. 

In the last two groups the depth and width of grooves are very 
small and the smoothness of the surface is highly variable. In 
the first three groups the smoothness is also variable and there 
is comparatively somewhat more uniformity in the width and 
depth of various grooves. From a careful study of the grooves 
belonging to the last two groups it can be said that such circular 
grooves can develop in nature in the following ways : 

1. The formation of a more or less straight or slightly curved 
groove due to : 

(a) deepening of joints (both macro and micro) due to 
periodic thermal and water action ; 

(b) removal of siliceous veins and amygdales due to 
weathering and further deepening of the empty portion 

30 by water action ; 


(c) the action of micro-organisms.* 

2. The flow of water deepens these grooves and also smoothens 
their surface but not uniformly. 

3. Rounding of the corners of joints due to natural weathering 
processes makes the straight joints slightly curved at least 
at their ends. 

4. Lengthening of these curved portions of joints due to head- 
ward erosion of small concentrated water flow in these 
grooves. 

5. More or less completion of the circle due to the meeting of 
advancing grooves in opposite directions (Plate II C) . 

6. These grooves are seen not only on the surface of a rock but 
also in its section and that too, fairly regularly spaced 
(Plate I A) . 

In this way many of the circular and nearly circular or 
elliptical engravings from Vetal hill and some shown by Kosambi 
(1963, p. 57) are quite likely to have formed due to natural 
weathering processes. Many of the deep grooves are rough, 
while some of the very shallow grooves are having very smooth 
surfaces thereby suggesting their natural origin. 

Some of the engravings with three or four concentric circles, 
even though quite likely to have formed in a manner described 
above, are really problematic. They are not so common even in 
similar environment not only on Vetal hill but also in some of 
the trap plateau examined by us in Poona District. Are they 
really man-made ? 

This aspect might be examined archaeologically. In the first 
place natural circular grooves as shown above occur (i) not only 
on the surface, but (ii) also in the section of the same boulder, 
and (iii) below the surface ; we saw one on the newly made road 
from the Vetal hill to the Poultry Farm. 

Secondly, if the grooves were made at a subsequent period, 
then their surface would look in some way different from the 
unworked surface. But this is nowhere the case. The grooved 
surface and the ungrooved surface are identical in their colour 
and texture. This indicates that both have undergone identical 
(weathering) influences. 

Thirdly, granted that these grooves are man-made with tools or 
implements, when were these made ? At the moment, we find 
nothing but chunks, nodules and flakes of chert, agate and 
chalcedony strewn on the Vetal plateau. Among these one can 

* Such perfectly concentric circles have been observed in the lime- 
stone of upper Vindhyan formations in Central India (Mishra et al, 

1962, p. 765) and they are thought to have formed due to organic action 
on shaly limestone (Plate II D). g 
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pivk Up partly worked cores, some fluted pointy borers and 
scrapers and tiny microii thic blades. 

Kosamhj thought Chat the mierolilhs must {might'?) have been 
lJ^ed lor the purpose o{ engraving the graves, In the first place, 
these are too small, and engraving is {was) not done with 
lunates, or backed blades, but burins, a chisel -edged tool, and 
hence also called an engraver. Very few burins ate found in 
Indian mierolithic collections, and we do not know whether any 
[rue burins occur in Kossmbl's collection. We have so far not 
found any burins on Vetal hill. 

Secondly, the grooves are too broad and deep to be effected 
by such burins. Moreover, they have not been smoothest! as 
thought by Kosambh 

Thirdly, the argument from ethnology has no validity. Vetal 
plateau is mostly Stony, with a little soli cover. No good cultiva- 
tion is really possible even with an iron plough. Hence It is 
that even in l!Ms£!, the Dhxutgars {shepherds) graze their goats 
and sheep here. This is significant. Because even for cattle 
grazing the plateau is not Suitable. Thus when we view the 
problem under an environmental background it will he apparent 
that 

{i) the grooves are natural, and not man-made ; 

(ii) the microhths are not suitable for making such large, broad 
and deep grooves ;. 

fiit) If such tools had ever been used, they {their edge and 
side) would soon become blunt {as found by us by actual 
experiments) , and at least a few of such blunt-edged or 
pointed tools should be found on the plateau, particularly 
around, the boulders bearing the engravings. But none 
have been found. 

Then hew do you explain the existence of these stone tools ? 
These belong not to one period, as the late Ur. KoHimbi thought, 
but at least to two widely separate periods. The first and the 
earliest is the Middle Stone Age, now dated by C-14 date from 
the Mule Dam to C-3O000 b.p. To tilts period belong the larger 
tools on agate, chert, jasper and consisting of points, borers, and 
a variety of scrapers. 

Vetal -hill has an almost inexhaustible supply of the raw 
material for the tools, Apparently Vetal plateau has served as 
a camp and knappery of the Middle Stone Age man, because he 
found the raw material very easily and some game as well. 

At a much later date came the Late Stone Age ttian, who made 
micro liths. And It is to Dr. Kosambi'a credit that he was the 
32 first scholar to recognize their presence Oil tho Vetal plateau. 
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Marxist interpretation of Indian history began with Marx him- 
self. His comments in the two articles published in the New 
York Tribune, in 1853 (“British Rule in India”, and “Future 
Results of British Rule”) contained remarkable insights into the 
impact of British rule in India. In essentials that analysis 
remains of lasting value and has ever since formed the bedrock 
not only of the Marxist, but also of all progressive evaluations of 
the history of British imperialism in India. The two articles also 
include certain general statements about India before the British 
conquest ; and these are summed up in the following passage : 

“Indian society has no history at all, at least no known 
history. What we call its history, is but the history of the 
successive intruders who founded their empires on that un- 
resisting and unchanging society.” 

Marx explained the passivity of Indian society by the existence 
of the caste-bound, traditional village communities, which had 
completely to depend upon “Asiatic despotism” to provide irriga- 
tion works necessary for the existence of agriculture. In 
terms of relations of production, the system was marked by a 
total “absence of (private) property in land”. This also formed 
the kernel of Marx’s view of the Asiatic mode of production, 
which was for the first time enunciated in these articles. 1 

* This is a revised version of a paper presented at the First All-India 
Conference on Marxian Approach to Research in Social Sciences, orga- 
nised by the Indian School of Social Sciences, Trivandrum, June 5-9, 
1969. 

1 These articles have been frequently reprinted. The most useful 
,34 edition is Karl Marx, Articles on India, Bombay, 1951, pp. 21-29, 66-73. 


Five or six years later, Marx composed certain notes, now 
published in English under the title Pre-Capitalist Economic 
Formations, London, 1964. In these notes, a more closely argued 
analysis is provided of the “Asiatic Form”. It is said to arise 
out of the primitive community and to be at once the most 
primitive of the various systems of property, and the most 
widespread (embracing Asia, Russia and other Slavonic regions, 
ancient Celts, etc.). Marx no longer gave to irrigation the 
crucial position he had ascribed to it earlier, though it continued 
to figure in his analysis. He contrasted the Asiatic with two 
other apparently parallel forms, namely the classical city- 
oriented society, characterised in its advanced stage by Slavery, 
and the ‘Germanic’ form, which led in its ultimate development 
to Serfdom. In line with his previous views, Marx regarded 
the Asiatic as the least dynamic of all the three forms, and 
declared that it “necessarily survives the longest and most 
stubbornly”. 2 

There is little reason to believe that these ideas represented 
Marx’s final, considered judgement on the history of Asia. On 
the contrary, the founders of Marxism did not further elaborate 
these points ; and explicit references to the “Asiatic (Oriental) 
mode” (though not to the political institution of ‘Asiatic despot- 
ism’) become very rare, and after the appearance of Capital, 
Vol. I, cease altogether. Even in Capital, Vol. I, while there are 
separate passages on the village community (as representing a 
form of division of labour) and of the economic position of the 
Indian ‘magnate’ (as a surplus-appropriator, presiding over pro- 
duction and reproduction on a progressively increasing scale, but 
without the intervention of capital) , 3 there is no attempt at 
showing them as parts of a single system. 

A further stage in the erosion of the ideas held earlier by Marx 
and Engels is marked by Engels’ Anti-Diihring, 1878. Here the 
earlier thesis is indeed repeated that the surviving primitive 
communities “from India to Russia” served as the basis for 
Oriental despotism”. 4 Nevertheless, when discussing the state, 
Engels provides no place for the Asiatic mode of production as 
a determining factor for a particular form of state : Only the 
slave-owners’, feudal, and bourgeois states are listed. 5 Equally 
significant still is Engels’ statement that the Turks introduced “a 
form of feudal ownership of land” in the countries of the East 
conquered by them (among which, from the context, Tndm is 

2 See Pre-Capitalist Economic Formations, 68-83. 

3 Capital, I, ed. D. Torr, pp. 350-52, 610. 

* Anti-Duhring, Eng. ed., Moscow, 1947, p. 271. 

8 ibid., 416-17. 
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plainly included). 6 Or again elsewhere, the Moors of Spain are 
classed among the civilized and their Christian conquerors 
among the barbarians. 7 Such statements hardly leave room for 
any belief in an unchanging, stagnant Asiatic society. 8 

Moreover, Marx’s own failure to publish anything out of the 
MS of the Pre-Capitalist Economic Formations must be con- 
strued as evidence of his hesitation to put forward as his firm 
opinion what was little more than speculations. Hobsbawm 
can, therefore, hardly be right in asserting that there was “at 
least on Marx’s part (is he then not sure about Engels ?) , no 
inclination to abandon the Asiatic Mode.” 9 

The seal was indeed set on such abandonment by Engels’ 
Origin of the Family, Private Property and the State, 1884. 
Though published after Marx’s death, it was based on his notes. 
It made not the slightest mention of the Asiatic system, though 
it attempted the most detailed historical generalisation ever set 
in writing by either Marx or Engels. 

It is true that Marx and Engels might now have considered 
the village community taken in isolation as a survival of the 
stage of primitive communism — a stage which they began to 
postulate following their acquaintance with Morgan’s work. But 
the silence over the Asiatic mode is not to be explained simply 
on the ground that it was transferred by them to the category 
of the “archaic type”, and so covered now by that designation. 
Actually Engels distinguished only four stages of society. The 
first was primitive communism ; and the other three were systems 
of exploitation. “Slavery was the first form of exploitation, 
peculiar to the world of antiquity ; it was followed by serfdom 
in the Middle Ages, and by wage-labour in modern times. These 
are the three great forms of servitude, characteristic of the three 
great epochs of civilization.” 10 Faced with this passage, which 
he quotes, Hobsbawm avoids saying directly that the Asiatic 
mode was held by Engels to be a form of primitive communism 
— which would be an absurd presumption in view of Marx’s own 
portrayal of the Indian magnate as a surplus-appropriator. He 
seizes upon the word “civilization”, and proclaims that Engels 
regarded the Asiatic mode as ‘belonging to the pre-history of 

6 ibid., 264. 

7 ibid., 274. 

8 Since Engels’ work in MS had been read aloud to Marx, who also 
contributed a chapter to it, it must be assumed that Engels’ statements 
carried his approval. 

9 Hobsbawm, Introduction, Pre-Capitalist Economic Formations, p. 58. 

10 Engels, Origin of the Family, Private Property and the State, Eng. 

38 ed., Moscow, 1948, p. 248. 


“civilization”,’ so that Engels presumably omitted any mention 
of it because he felt it to be neither primitive communism, nor 
a civilized form of exploitation ! u 

If we dismiss such strained reasoning, the question remains, 
why did Marx and Engels modify and ultimately abandon their 
earlier theory of the Asiatic mode ? Since Marx never elaborated 
the theory in published form, except in two relatively obscure 
newspaper articles, there was little cause for him to explain 
the reasons for no longer holding the same views as before. On 
our own part, we do not find it difficult to conjecture two very 
good reasons for this change of opinion. 

The first could be a recognition by Marx of the obvious limita- 
tions in his own information when he had worked out his views 
in the eighteen fifties. His remarks on India had been based on 
a reading of English Parliamentary papers and Bernier’s 
Travels. Among the British administrators at that time there 
was a strong tendency to emphasize the institution of the village 
community in order to justify a paternalistic form of government. 
It coloured very deeply most of the official reports and it ulti- 
mately found its most systematic (and exaggerated) expression 
in Sir Henry Maine’s works. On the pre-British history of India 
proper, Marx appears to have done little reading except towards 
the last years of his life, 12 precisely in the period when his own 
references to the Asiatic mode disappear altogether. In these 
last years he also read with interest and approval Kovalevsky’s 
work on Communal Landholding, 1879, which indicated a far 
more complex picture of the Indian village organization and of 
its evolution than Marx had earlier allowed for. Marx now 
clearly noted the emergence of private property within the Indian 
community, leading to the rise of a contradiction within it. 13 

11 Hobsbawm, op. cit., 52n. See also Wittfogel, Oriental Despotism, 
386, for a similar argument. 

Wittfogel and Hobsbawm may not find it equally easy to dispose of 
the implications of Engels’ editorial comments in the 1888 edition of 
the Communist Manifesto. Engels now wished to qualify the famous 
proposition in the Communist Manifesto that “the history of all hitherto 
existing society is the history of class struggles” by adding the adjective 
“written” before the word “history”. He explained that the sole excep- 
tion to the general rule was the primitive society, whose survivals were 
found in both continents, from India to Ireland. He made no geogra- 
phical exceptions, whatsoever, and therefore left no room for a system 
of (class ? ) exploitation without class struggle, such as the “Asiatic”. 

12 As shown by his notes from the works of Elphinstone and Sewell, 
now published in English as Notes on Indian History (664-1858), 
Moscow, n.d. 

13 See Daniel Thorner, “Marx on India and the Asiatic Mode of Pro- 
duction”, Contributions to Indian Sociology, IX, 1966, pp. 60-62. 
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Besides the weaknesses in the information available to Marx and 
Engels during their earlier years, there was the equally import- 
ant question whether the acceptance of the theory of the Asiatic 
mode would not make the vast majority of mankind an excep- 
tion to the materialistic conception of history, as set out in the 
Communist Manifesto and summed up in the celebrated passage 
of the Preface to the Critique of Political Economy , 1859. Were 
the class struggles, and historical changes emerging through 
them, to be regarded only as a European phenomenon and by 
no means universal, at least before the conquest of the world 
by capitalism ? In view of the fact that Marx and Engels never 
either explicitly or indirectly confined their general propositions 
about the role of class struggles in history to Europe alone, 14 it 
would not have been easy for them to hold simultaneously to a 
completely contrary view. 

For the same two reasons, but particularly for the second, 
Marx’s revolutionary followers did not generally accept or stress 
the Asiatic mode. On the contrary, when the revolutionary 
tide rose high in Asia, the propagandists of Imperialism turned 
to this theory, and rescuing it from the early Marxist texts used 
it to jeer at the revolutionaries. In 1957 Wittfogel published his 
Oriental Despotism — A Comparative Study in Total Power, which 
offered in the most systematic form, and duly embellished with 
terms and ideas of modern sociology, a detailed elaboration of the 
unfortunate theses that Marx had once propounded. 

Neither as a propagandist work nor as an academic exercise 
did the reputation of Wittfogel’s work survive the passage of 
even half a dozen years. However, modern revisionism has now 
picked up the weapon that Imperialism has all but discarded. 

During the sixties we have been privileged to witness the 
curious phenomenon that in spite of the general inability of 
Asian Marxist scholars to recognize the existence of the Asiatic 
mode of production, certain Marxists of western European coun- 
tries have begun to insist that they know better and have ‘re- 

14 Marx and Engels wrote again in 1879 in a careful draft of a letter 
to the German Social Democrats that “for almost forty years we have 
stressed the class struggle as the immediate driving force of history, 
and in particular the class struggle between the bourgeoisie and the 
proletariat as the great lever of the modern social revolution”. (Marx 
& Engels, Correspondence, Calcutta, 1945, pp. 332-3. Italics ours). There 
is no nonsense about excluding Asia, Africa and North and South 
America from the proposition in the first clause. 


opened’ the debate on the subject among themselves. 15 In this 
the recovery of Marx’s MS Pre-Capitalist Economic Formations, 
has played the same part as that of his early Economic and 
Philosophical Manuscripts has done in the attacks on ‘traditional’ 
Marxism in the realm of sociology. Introducing it to the English 
reader Hobsbawm declares that “it can be said without hesitation 
that any Marxist historical discussion which does not take into 
account the present work — that is to say virtually all such dis- 
cussion before 1941 and (unfortunately) much of it since — must 
be reconsidered in its light”."'- This is really a strange kind of 
dogmatism, since it assumes that the entire previous work based 
on the essentials of the published revolutionary teachings of Karl 
Marx and the actual experience and studies of Marxists, becomes 
immediately vulnerable once certain words directly set down on 
paper by Marx himself, are discovered, whatever be the circum- 
stances in which they were originally composed. 17 

The essential purpose in the attempted restoration of the 
Asiatic Mode is to deny the role of class contradictions and class 
struggles in Asian societies, and to emphasize the existence of 
the authoritarian and anti-individualistic traditions in Asia, so as 
to establish that the entire past history of social progress belongs 
to Europe alone, and so in effect to belittle the value of the 
revolutionary lessons which may be drawn from the recent 
history of Asia. 

‘The history of hydraulic (i.e. Oriental) society suggests 
that class struggle far from being a chronic disease of all man- 
kind, is the luxury of multicentred and open (i.e. West European) 
societies.” 18 These are the words of Wittfogel. Neither Hobs- 
bawm nor Goldlier would go so far. Both concede some change 
and some class-exploitation within ‘Asiatic’ societies. 19 Yet they 
agree in treating Asian societies as only primitive class societies. 
As Hobsbawn puts it, “the Asiatic system is therefore [his 

15 See Hobsbawm’s Introduction, Pre-Capitalist Economic Formations, 
p. 64 & n. with references. M. Goldelier of Paris has published a long 
article on ‘The Notion of “Asiatic Mode of Production” and the Marxist 
scheme of the Evolution of Society’, an abridged English version of 
Which appeared in Enquiry, N.S. II, No. 2, pp. 28-48, & No. 3, pp. 76-102. 
There are reports of fresh interest in the subject in the Soviet Union. 

16 Hobsbawm, op. cit., p. 10. 

17 Goldelier by putting together various statements made by Marx in 
these notes, and at other times, along with some facts independently 
collected by Goldelier himself, constructs a definite scheme for the 
Asiatic Mode, which is quite unreal and deceptive. Cf. D. Thorner in 
Contributions to Indian Sociology, IX, p. 63 n. 

, 18 Wittfogel, Oriental Despotism, p. 71. 

19 Hobsbawm, op. cit., p. 61. 
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inference from Marx] not yet a class society, or if a class society, 
then it is the most primitive form.” 20 Goldelier makes essentially 
the same point asserting that the Asiatic society displays “the 
unity of the community structures and of class-structures”. 21 
Since both of these writers (Hobsbawm only implicitly, however) 
hold that the Asiatic mode continued to prevail until modern 
times in all areas outside Europe in varying degrees of stagna- 
tion, it is obvious that their difference with Wittfogel is only 
of degree. It suffices therefore to urge against them the same 
arguments as have been advanced by numerous scholars of all 
persuasions in bringing down Wittfogel. 22 

II 

Once the Asiatic mode was given up by Marx and Engels, as a 
framework for analysing diverse societies existing outside 
Europe, there was a natural tendency for them and their follow- 
ers to speak as if the succession of social stages established by 
them for Europe, viz. Primitive Communism-Slavery-Feudalism- 
Capitalism (henceforth abbreviated in this paper to P-S-F-C) was 
of universal application. Engels in a letter to Marx had actually 
spoken of Ottoman Turkey as “semi-feudal”, 23 and it could be 
deduced from a statement already cited, from the Anti-Duhring, 
that the Turkish conquest led to the introduction of feudalism 
in India. 24 However, on this matter, an explicit pronouncement 
was not made by Lenin or by other authoritative Marxists. This 
came only with the powerful impression that the Chinese 
Revolution created during the ’20s, with its clear evidence of 
peasant struggles within the womb of the old agrarian society, 
reminding every one of the agrarian upsurge in the Revolution- 
ary France of 1789. This was the best refutation of the theory 
of the Asiatic mode ; and the Leningrad discussions of 1931 
resulted in a general acceptance of the international applicability 
of the P-S-F-C pattern . 25 The last word was said on the matter 
by Stalin in his classic essay on Dialectical and Historical 
Materialism, 1938. 

20 Ibid., p. 34. 

21 Enquiry, N.S. II, 3, p. 88. Unlike Hobsbawm, Goldelier believes 
that Western slave society developed out of the Asiatic Society. 

22 My own critique of Wittfogel will be found in “An Examination 
of Wittfogel’s Theory of Oriental Despotism”, Enquiry, 6, pp. 54-73. 

28 Marx and Engels, Selected Correspondence, 1846-1895, Calcutta, 
p. 363. 

24 Anti-Duhring, Moscow, 1947, p. 264. 

25 Unluckily, no detailed report of these discussions seems to be avail- 
able in English. 


Much though this may be mourned as a mechanical application 
of a “standard unilinear” scheme for the whole world, there is 
no doubt that it provided significant stimulus for fruitful Marxist 
work in the sphere of Indian History. It is true that in the face 
of Marx’s definite statements of 1853, there have been attempts, 
particularly in the writings of Soviet Indologists, to ride two 
horses at the same time. India has been taken to be an ‘Asiatic 
Society’ as well as Feudal ; and the two propositions are recon- 
ciled by taking the first to be a form of the second. 20 This is 
surely a theological, and not a scientific, way out of the dilemma. 
However, once it was accepted that pre-British Indian society 
could be feudal, Marxists began to look in India for class- 
struggles and those other features that characterized the produc- 
tion relations of European feudalism. As a result Reisner and 
W. C. Smith recovered from oblivion the peasant revolts of the 
17th century. 27 

This phase of Marxist historiography also produced S. A. 
Dange’s fantastic work, India from Primitive Communism to 
Slavery, Bombay, 1949, describing in minute detail the transition 
P-S in India without almost any reference to archaeology or 
genuine history. While the principal weaknesses of this work 
must be attributed to its author, it is also true that it presents 
in a concentrated form the defects inherent in the compulsory 
transposition of the standard P-S-F-C pattern to every society 
without exception. For, the moment a conscientious historian 
tries to go beyond the most simple generalities and begins 
examining his evidence in some detail, he is compelled to make 
so many qualifications that the basic classification loses much of 
its meaning. 

Even at the level of theoretical generalization no particular 
logical sanctity attaches to the P-S-F-C chain of succession. 
Exploitation begins when the individuals or communities in any 
society become capable of producing a surplus. Various forms 

26 Official Soviet Indology, therefore, declares itself convinced that 
“the works of Marx and Engels contain observations on the specific 
features of Indian feudalism which are of basic methodological import- 
ance”, V. Pavlov, Indian Capitalist Class, A Historical Study, Delhi, 1964, 
p. 1 (Italics ours). 

27 Reisner’s papers, to which I have seen reference, have not been 
printed in English. Smith’s pioneer essay, “Lower Class Uprisings in 
the Mughal Empire” appeared in Islamic Culture, 1946, pp. 21-40. This, 
together with his earlier article, “The Mughal Empire and the Middle 
Classes”, Islamic Culture, 1944, pp. 349-63, leaves one in no doubt that 
he was thinking of the 17th century as the last phase of feudalism, 
j(?ntalning within it the seeds of capitalism. 
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of relations of exploitation can be imagined : (a) A tribe of 
peasant-warriors subjugated by another similar tribe and forced 
to pay part of the surplus to it ; (b) peasants forced to pay the 
surplus to a ruler or chief or to a number of exploiters holding a 
variety of rights ; (c) peasants forced to work gratis on lands of 
others ; (d) servile labourers belonging to menial castes work- 
ing on fields of men of superior castes ; (e) slave-labourers in 
agriculture and crafts, and so on. Now (b) and (c) might be 
akin to serfdom ; and (d) and (e) to slavery, in that the 
labourers possess neither means of production nor mobility. But 
in many cases even such rough classification would become diffi- 
cult, as for example in that of (a) . In any case, why should it 
De supposed that societies where forms (d) and (e) are more 
prominent have always preceded those where (b) and (c) pre- 
vail ? One thinks immediately of the “new” Negro slaves in the 
United States, which grew on the foundations of capitalism. 

Secondly, at any given time various forms of exploitation might 
prevail side by side, or in different countries, depending upon a 
number of factors, such as climate, demography, etc., whose 
influence on conditions of production was much greater in the 
ages previous to the rise of capitalism. The Communist Manifesto 
recognizes that it is capitalism alone, which, “through its 
exploitation of the world market, has given a cosmopolitan 
character to production”. We can imagine how the whole con- 
text of agrarian relationships could be different in rice-produc- 
ing areas like Bengal and Kerala, and the three-field wheat-barley 
producing areas of medieval Europe. Varying man-land ratios 
in different countries were bound to influence production rela- 
tions, especially since population adjustments could only take 
place over a long period of time. More important still was the 
variety in technologies. The spread of technological devices was so 
often such a slow process (exemplified by the delay in the intro- 
duction of the vehicular wheel from ancient Sumer to Egypt, or 
again the equally long delay before India accepted such Chinese 
inventions as paper, sericulture, gunpowder, printing, etc.) that 
it is most unlikely that the technological basis of production in 
any two sub-continental regions could have been fundamentally 
similar at the same time. 

Thirdly, it is quite possible that if out of a number of factors, 
one determinant was different, the entire mechanism of exploita- 
tion (and so the character of property) might be entirely dif- 
ferent. Let us suppose that given a technique of production most 
suited to peasant agriculture, there is a favourable land-man ratio 
in conditions of production-for-use. This may lead to serfdom, 
i.e., to dispersed manorial units with individual lords tying 


down peasants to their land (as in feudal Europe) . In conditions 
of larger commodity production, however, the very same other 
factors may lead to a centralised collection of rent/surplus (e.g., 
as land-revenue) , so that the peasant is unable to escape exploita- 
tion wherever he is (e.g., Mughal India) , 28 On the face of it, the 
first suggests a more developed form of private property, but 
the latter might well represent a higher stage of evolution since 
it represents a greater advance in commodity production. Which 
of the two forms is theoretically nearer capitalism ; and is the 
latter form ‘feudal’ at all ? 

Indeed, in such circumstances the difficulty of reducing the 
number of systems of class-exploitation to three, becomes obvious. 
The Mughal-Indian system, for example, could, by identifying 
feudalism with serfdom and then stretching the significance of 
the term serfdom to include all kinds of compulsion upon the 
peasant, be designated semi-feudal by Dobb’s definition of 
feudalism ; 29 but it would not be such by Sweezy’s (serfdom, and 
“a system of production for use”) , 30 The first course would result 
in making the significance of the term feudal so broad that almost 
any pre-capitalistic system (including even the classic slave 
society, contain as it did large elements of peasant cultivation) , 
could conceivably qualify for it. 

The flexibility in the use of the term feudal not having been 
attained by the term slavery, Marxists with ‘the best of inten- 
tions have yet failed often to locate the slave society which 
should have been found during the youth of every civilization. In 
China its period has been relegated to remote antiquity . 31 In India 
its existence (not of slavery, of course, but slave society) has 
altogether been denied . 32 Even those who still argue for the set 
pattern, appear ready to omit the stage of slavery as a necessary 
stage of development, and so modify the pattern to P-F-C. Such 
a modification would, however, have the absurd result that for 
most countries feudalism would simply become synonymous with 
the entire pre-capitalist past, and deprive us of the ability to 
trace significant changes in class relations over time. 

Finally, there is the question whether every link in the 
standard European chain P-S-F-C should be regarded as repre- 

28 Cf. my Agrarian System of Mughal India, Bombay, 1963, for the 
description of such a system. 

29 Studies in the Development of Capitalism, p. 35. 

0 The Transition from Feudalism to Capitalism— A Symposium Lon- 
don, 1954, p. 2 and passim. 

81 Mao Tse-tung, Selected Works, London, 1954, III, p. 74. 
,. = „ Kosambi > An Introduction to the Study of Indian History, Bombay 
p. io and passim. 
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senting the highest possible stage of social evolution in the con- 
temporary world. For example, should the society out of which 
capitalism developed be seen as the most advanced in its time ? 33 
A moment’s reflection would suggest that this is by no means 
certain. China today is a Socialist country, a full social epoch 
ahead of the United States ; but this by no means implies thal 
the old Chinese society before 1949 was more advanced than, or 
even at level with, the American society at the time. China was 
able to transform itself into a Socialist country in the 20th 
century, not because its economy had itself previously evolved 
into capitalism, but because the development of capitalism had 
already taken place in other parts of the world. 34 Similarly, if 
European feudalism generated capitalism, it was possible that 
a decisive role was played in the initial stage of the transition 
by certain critical technological inventions from China (such as 
compass, paper, printing press and gunpowder) . 35 By itself 
feudal Europe would have been as powerless or as slow to dis- 
cover these inventions, as old China would have been to develop 
capitalism through its own contradictions. It is probable that 
both in respect of technology and scale of commodity production, 
the China of Marco Polo’s day was far ahead of feudal Europe! 
We must therefore reject as unhistorical (and undialectical) the 
assumption that every society at the highest stage of develop- 
ment would inevitably, of itself, reach the next higher stage. In 
fact we should look rather for alternating progress and recession 
in the evolution of each society, in relation to the general advance 
on the world scale. 

It is, therefore, certain that P-S-F-C cannot contain in its chain 
all the primitive and class societies that have existed ; nor can 
there be any universal order of succession, ensuring that a society 
akin in some respects to feudalism must always have succeeded 
one akin to slavery, and not vice versa. Of course, the chain in 
each country must end in capitalism (or colonialism, i.e., the sub- 
jugation of a pre-capitalist economy by an external capitalist 
economy), since capitalism based on machine industry succeeded 
in overcoming all geographical barriers and so became a universal 
system of exploitation. There is, on the other hand, no reason 
to believe that P-S-F was the standard path of the most advanced 
societies before the rise of capitalism. The materialist conception 

33 Cf. Goldelier’s paean of praise for European feudalism and its 
superiority over every other system for precisely this reason ( Enquiry , 

■N. b., II, 3, p. 95). 

34 Cf. Mao Tse-tung, op. c it., 77-82. 

33 J. Needham, Science and Civilization in China, IV, 2. Cambridge 
1965, pp. 6-8. * ’ 


of history need not necessarily prescribe a set universal period- 
isation, since what it essentially does is to formulate an analytical 
method for the study of the development of class societies. 
Whether the path traversed in a particular country was P-S-F-C 

or P-S-F-C or P-F-S-C or P-X-Y-Z-C, where C represents capital- 
ism/colonial stage, does not affect the essentials of the Marxist 
conception at all. 36 The crucial thing is the definition of prin- 
cipal contradictions (i.e., class contradictions) in a society, the 
marking out of factors responsible for intensifying them, and 
the delineation of the shaping of the social order, when a 
particular contradiction is resolved. It is possible that release 
from the set P-S-F-C pattern may lead Marxists to apply them- 
selves better to this task, since they would no longer be obliged 
to look for the same ‘fundamental laws of the epoch’ (a favourite 
Soviet term), or the same ‘prime mover’ as premised for the 
supposedly corresponding European Epoch. 

Ill 


An analysis which proceeds directly from the essentials of 
Marxism, without any mechanical copying or compromises with 
liberal views, is therefore called for, though it would naturally 
impose quite a heavy responsibility on Marxist historians. As 
matters stand, when the results of individual Marxist studies on 
various aspects of Indian history are put together, then, in spite 
of their authors being unconscious in most cases of the need 
to eschew the set periodisation, the P-S-F-C pattern is seen 
clearly to be inapplicable. 37 

In the absence of adequate evidence, it is impossible to say 
whether the Indus Civilization was or was not a slave society. 
Interpretations of the early Indo-Aryan society too are rather 
speculative, although the forms of private land ownership, 


36 No exception can be taken when Hobsbawm says (without detailed 
justification, however) that “the general theory of historical materialism 
requires only that there should be a succession of modes of production, 
though not necessarily any particular modes, and perhaps not in any 
?o r ->n C ^ lar predetermined order”. ( Pre-Capitalist Economic Formations, 
19-20.) Hobsbawm’s own qualifying remarks show that he would assume 
capitalism to be the last mode of production in the chain of succession 
before socialism. 


J. lie 


ioiiowmg summary of Marxist work reproduces in part the 
?QR«^ Ven me ' n t * le Times Literary Supplement, London, July 28, 
6, and is based on the more extended summaries in Seminar 39 

I^K S V and ^ eSent) and in EnqKiry ’ N - S -> n . 3, PP- 21-75 (“Social Dis- 
mbution of Landed Property in pre-British India”), where full references 
Will be found. 
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peasant cultivation and agrarian slavery are all met with. 
Kosambi assigns the formation of the characteristic Indian village 
society to the period after the Mauryas ; and internal develop- 
ments in this society, according to him, led to the formation of 
a ‘feudal’ order. R. S. Sharma too has seen in the period 400- 
1200 a.d. increasing similarities with European feudalism, owing 
to the presence of serfdom and decentralised polity. 

But in the period after 1200 these similarities disappear. The 
essential elements of the structure of society of Mughal India 
(16th and 17th centuries) that have been brought out are, 
briefly, considerable stratification within the peasantry ; a superior 
rural class (the zamindars ) holding property-rights over a rela- 
tively minor share in the peasants’ surplus ; the bulk of the 
surplus, collected as land revenue by a small ruling class 
formed by the King’s officials ( jagirdars ) . The principal 
contradiction therefore lay between the King’s bureaucracy and 
the peasantry. A large urban market existed, depending upon 
the expenditure of the nobles and their military contingents. 
The organization of commercial credit, insurance and rudimentary 
deposit-banking remind us of conditions in Renaissance Europe. 

It would hardly make sense to treat this as part of the same 
epoch as the “feudal” society of the earlier millenium. Nor can 
one affirm that simply because of extensive commodity production 
(and thus a certain degree of monetization) capitalist conditions 
were maturing within this society. ( Cf . the views of Antanova 
and Pavlov.) One must remember Marx’s warning that capital- 
ism as a mode of production (requiring the separation of the 
wage-labourer from his tools) is, historically, an antithesis of 
merchant-capitalism. 38 

A more careful approach would also prevent opportunistic 
appraisals. From seeing 17th century India as containing poten- 
tialities of capitalistic development, it is the next step to detect 
the rise of nationalities, and then to acclaim a chief like Shivaji ( 
as a peasant leader and the national hero of the Maratha people. 30 
Such concessions to chauvinism are wrong on both counts : they 
are absolutely unhistorical and they serve ultimately as grist to 
the reactionary mill. 

What Marxist historians should first and foremost concentrate 
on is surely a study of the class-struggles. The 17th century, for 
example, contains extensive evidence of peasant revolts, and it 
is of utmost importance to analyse the basic factors which gave 

38 Capital, III, Moscow, 1959, p. 322. 

3® Dange, S. A. and his followers have been in the vanguard in this 
respect. Cf. D. K. Bedekar’s paper in the present volume. 


rise to them (e.g., the revenue demand), to study the role the 
zamindars played in inciting or suppressing them, and to trace 
their course and further development (where these were formally 
successful) , 40 

Another sphere in which Marxists have to be pioneers is the 
study of technological development. Since we insist on the close 
connexion between the means of production and the relations of 
production, we are greatly handicapped by the absence of proper 
work in this field. 

In spite of considerable work done on Marxist lines, our paths 
are still difficult and full of obstructions. This is due to a variety 
of causes : the primitive stage of development of modern historio- 
graphy in India ; the deep colouring put on all secondary work 
by national chauvinism and reactionary ideas ; the increasing 
domination of revisionism over such foreign Marxist historio- 
graphy, especially European, as we usually encounter in our 
professional work ; and, finally, the actual isolation of most of 
us (like the present writer) from the class whose cause we claim 
to uphold. 

To the degree our tasks are difficult, these are also exciting and 
rewarding. If we are able to base ourselves firmly on revolu- 
tionary Marxism, and steadily carry on painstaking research 
work, there is no reason why some day we should not break 
through the curtain of darkness imposed by reaction, and illumine 
the real history of the toiling people of India. 


48 Comparisons with the historical significance of peasant revolts in 
China should prove of extreme interest. (Cf. Mao Tse-tung Selected 
Works, III, pp. 75-76.) 
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The present paper is the first of a series of studies in the quest 
of knowledge about what had been happening to our economy 
and society until the British conquered us, enslaved us and along 
with their rule of colonial exploitation, gave us a certain orienta- 
tion regarding our pre-British history. In other studies, we seek 
to discover and analyse the social forces and institutions that 
operated on our life and their impact on our forces and relations 
of production. 

As in the present study, the sources sought for and utilised 
have been contemporary and near-contemporary accounts, Indian 
and non-Indian, cross-checked in the interest of objectivity. 

The present effort is submitted to critical readers for their 
judgement, in order to learn from them where our facts are 
inadequate, partial, doubtful and wrong and where our inter- 
pretation is misplaced, fallacious or tendentious. Such criticism 
would be useful in enabling the writer to re-examine his own 
effort and correct his understanding. What is more, it may be 
the beginning of a meaningful dialogue between interested 
scholars on this vital theme, which is still being treated myopic- 
ally and tendentiously, along the lines laid down by ill-informed, 
if not ill-intentioned, servants of the East India Company. 

The writer is aware that recently much new light has been 
thrown on Indian social and economic conditions, during Medieval 
India. However, the process of revision of the present study 
(whose conclusions each new discovery has further confirmed) 
had to be stopped at some stage, if it was not to become intermin- 
able. It is therefore proposed to prepare a supplementary paper 
in the light of the new material thrown up by latest researches 
48 and publish it in course of time. 
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Among these recent researches the present writer considers the 
following of particular significance : 

(1) Irfan Habib : Potentialities of Capitalist Development in 
Mughal India, Journal of Economic History, March 1969. 

(2) Irfan Habib : Technological Changes and Society — 13th and 
14th Centuries, Presidential Address, Medieval India Sec- 
tion, Indian History Congress, Varanasi, 1969. 

(3) Irfan Habib : The Technology and Economy of Mughal 
India, The Dev Raj Chanana Memorial Lectures, Delhi, 
1970 (Mimeographed) . 

(4) Hameeda Khatoon Naqvi : Rebellions During the Reign of 
Akbar, Medieval India a miscellany, Vol. II, Aligarh. 

(5) Hameeda Khatoon Naqvi : Urbanisation and Urban Cen- 
tres under the Great Mughals, An Essay in Interpretation, 
Indian Institute of Advanced Study, Simla, December 1971. 

(6) Ashin Das Gupta : The Merchants of Surat, C 1700-1750 — 
“Elites in South Asia”, Edited by E. Leach and S. N. 
Mukherji, Cambridge University Press, 1970. 

(7) A. I. Chicherov : Indian Economic Development in the 
16th-18th Centuries, Moscow, 1971. 

(8) Hiroshi Fukazawa : A note on the Corvee System ( Veth - 
begar) in the 18th Century Maratha Kingdom, Hitotsubashi 
Journal of Economics, Vol. 11, No. 2, February 1971, pp. 
1 - 10 . 

I 

Marx’s View of Indian History * 

Marx’s characterisation of pre-British Indian social history is 
well-known. In brief, it meant that whereas European history 
was characterised by four successive stages of economic forma- 

* The present study owes its genesis to the numerous discussions I have 
been having with my wife, Dr. Hameeda Khatoon Naqvi, over more than 
a decade, from whose deep knowledge of Indian and European history, 
I have greatly benefited. I have freely drawn upon her researches in 
particular her book Cities and Industries in Upper India 1556-1803, 
Asia Publishing House, 1968, for material, specially those dealing with 
the medieval cities, on which she has done pioneering work, unearthing 
sources hitherto altogether unknown. While I acknowledge my debt 
of gratitude to her, I must, however, mention that she does not neces- 
sarily subscribe to my approach to history or the method I have 
employed and the conclusions I have reached. 

It gives me pleasure to thank my colleagues, Ranjit Lahiri, A. R. 
Desai and S. B. Pillai, for the patient and painstaking manner in which 
they went through the various earlier grafts and offered valuable crit- 
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tions, that is, four systems of ownership of property, viz. : (1) 
Tribal ; (2) Ancient Communal and State ; (3) Feudal ; and (4) 
Capitalist, corresponding to which developed different stages in 
the division of labour j 1 Indians — as also most other Asian and 
African countries — had until the establishment of the rule of the 
British or other European countries, remained stuck at the early 
form of the second stage and “did not arrive at landed property’’, 2 
which had already begun to arise in Europe in the later part of 
the communal stage. 3 

Thus, in Europe, history witnessed a succeeding series of grow- 
ing division of labour, with increasing differentiation and special- 
ization, bringing about a separation between agriculture, industry 
and trade, between village and city and alongside arose and 
developed, private property in land and in other means of 
production. However, in India (as in the entire Orient), the 
division of labour achieved was of an extremely primitive nature 
and remained more or less unchanged throughout history, and 
land was either communally owned or was the exclusive 
property of the King, with private ownership at most found in 
some isolated cases. 4 

This phenomenon of absence of private property in land, and 
the proprietary control almost exclusively the prerogative of 
the King, was ascribed by Marx, at the suggestion of Engels, 5 * to 
what he believed to be the peculiar climatic conditions in the 
Orient. In Europe, rainfall was adequate, land was alluvial and 
water sources easily accessible almost everywhere, hence private 
owners of land, in case of need for irrigation, could in a manner 
of democratic co-operation, jointly build bunds, dams and drain- 
age and irrigation channels. 0 In the Orient, on the other hand, 

ieism and suggestions, both as to the language and style, and as to errors 
in the ideas. If I have not always followed their advice and for the 
errors of style or substance that still remain, I am alone responsible. 

1 must also thank my colleagues, D. Rege and Sunit Bose, who kindly 
translated for me certain extracts of Kovalevsky and Marx’s comments 
on them, from Russian. 

Finally, I have to thank my friend Dr. K. Mathew Kurian, M.P., and 
his associates in the Indian School of Social Sciences, Trivandrum, for 
providing me with the opportunity of presenting an earlier draft to 
Marxist scholars at the June 1969 Conference at Trivandrum and benefit- 
ing from their comments. 

1 K. Marx and F. Engels, The German Ideology, Moscow, 1960, 
pp. 31-39. 

2 Engels to Marx, June 6, 1853, On Colonialism, Moscow, p. 278. 

3 K. Marx and F, Engels, The German Ideology, p. 33. 

4 K.* Marx and F. Engels, On Colonialism, Moscow, p. 281. 

0 Ibid. 

8 K. Marx and F. Engels, On Colonialism, Moscow, p. 33. 


most of the land was arid or covered with desert and rainfall 
was inadequate, with water sources for irrigation at remote 
distances and almost inaccessible to individual cultivators or 
whole villages and beyond their capacity to bear the expense of 
building the requisite large dams and irrigation canals and 
construct irrigation channels and drainage works. A strong and 
resourceful central authority alone could possibly undertake such 
projects, since it could both meet the requisite expenses, and 
would have the authority to divert water courses and get over 
the claims of owners of the lands, which may have to be sub- 
merged, as a result of the construction of the irrigation system. 
If the Central authority alone became the proprietor of all land 
it could exercise full authority on the pattern of land and 
water use. 

Marx further held, that in order to organise orderly manage- 
ment of cultivated land, easily collect the royal revenues and 
ensure equitable and timely distribution of irrigation water 
supplies, which according to Engels was the very condition of 
the survival of these cultivating households, 7 these households 
were organised in villages and groups of villages : 10 ; 100 ; 1000. R 
And these villages were believed to have been organised on a 
communal basis, where each household was allotted specified 
pieces of land, which were periodically redistributed in order to 
ensure maintenance of equity. Each village was more or less 
autonomous so far as its internal functioning was concerned, with 
its own headman and other officials — maintained at common 
expense and common service personnel, who served all the house- 
holds and were paid in kind at harvest time, besides having been 
allotted land for growing their own food. To ensure the smooth 
continuity of this system, a built-in institution of hereditary 
castes was established, in some remote past, which on the one 
hand, made social mobility unfeasible and on the other, assured 
secure livelihood for every household. 

The absence of private property, in any case, of the feudal 
type, precluded the rise of classes and hence class conflicts were 
unknown. Thus what resulted was a three-fold phenomenon, viz. : 

(1) A stable social equilibrium came into existence and was 
maintained through the ages, with no external occurrence, inva- 
sions, wars, rise and fall of dynasties, allowed to disturb it, except 
perhaps, for a while, when and if an army passed through the 
village in times of war or if war or some inefficient government 
at the centre, caused a neglect of the water supply for irrigation. 

7 K. Marx and F. Engels, Selected Correspondence, Moscow, 1965, p. 82. 

8 K. Marx and F. Engels, On Colonialism, p. 281. , 
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If population grew beyond the capacity of the village land to 
succour them, new waste lands were broken and new settlements 
were established, exactly on the same pattern as the parent 
villages. 

(2) The economy and division of labour remained stationary, 
generation after generation carrying on the same way of life, 
plying the same trades, producing the same output, maintaining 
the same combination of agriculture and industry, as their 
earliest ancestors had done, with hardly any knowledge of, or 
contact with life outside their respective rural habitats. The 
absence of classes and class struggles which in Europe had 
proved to be the motive force of development, because of the 
contradictions between the productive forces and relations of 
production, 9 did not admit of any technological advance in the 
Orient. 

(3) A few cities that arose, were rather irrelevant to those self- 
sufficient village communities, since they were by no means units 
of industrial production, except for the King and his household, 
the nobility and Government employees, the army, and for 
export, which was believed to be confined to luxury items, small 
bulk and high value. These cities and even the large capital 
towns, were essentially camp towns, sustained by the army and 
the Court and its entourage, their population and prosperity 
depending upon the pendency of the stay of these patrons. 

Then came the British and the gradual disintegration of these 
ancient village communities, disrupting the social equilibrium by 
the British neglect of the irrigation works — the very condition 
of the functioning and survival of agriculture and these republics 
— and eventually by introducing the two types of private pro- 
perty in land — the Zamindari and the Ryotwari. 

Thus, with the exogenous establishment of the desideratum of 
private property in land, the hitherto absent element of dynamics 
was injected into the Indian society. Along with the modern 
technical and administrative system — including faster means of 
transport and communication, education and newspapers, etc., the 
country and its people were set on the path of modern capitalist 
development, without, of course, the British wanting anything of 
the kind to happen. 

All this no doubt involved and in fact was meant to destroy 
the very fabric of Indian productive system, so that British 
Industrial products — particularly, textiles — could find a lucrative 
market in India and Britain could secure from Indian agriculture, 
at monosponsic cheap rates, food grain and even more, raw cotton 

* K. Marx and F. Engels, The German Ideology, Moscow, p. 92. 


and other raw materials. This caused untold miseries on the 
Indian people, like unemployment, famines and pestilence. 

However, Marx was convinced that, in essence, notwithstand- 
ing all this loss and sufferings for the Indians, the British policies 
were playing a definitely progressive role. 

(1) Thus in June 1853, in a letter to Engels, Marx had declared : 
“England, it is true, in causing a social revolution in Hindusthan, 
was actuated by the vilest interests, and was stupid in her 
manner of enforcing them. But that is not the question. The 
question is : Can mankind fulfil its destiny without a funda- 
mental revolution in the social state of Asia ? If not, whatever 
may have been the crimes of England, she was the unconscious 
tool of history in bringing about that revolution. 10 

(2) A month later, in an article in July 1853, Marx said : “Eng- 
land has to fulfil a double mission in India : one destructive, the 
other regenerating — the annihilation of Asiatic Society ; and the 
laying of the material foundations of Western Society in Asia”. 11 

The question if Injlia could have possibly taken to the dynamic 
path of Western society by herself, if the British had not 
conquered her was disposed of by Marx with the following 
observation : 

“These family-communities were based on domestic industry, 
in that peculiar combination of hand-weaving, hand-spinning and 
hand-tilling agriculture which gave them self-supporting power. 
English interference having placed the spinner in Lancashire and 
the weaver in Bengal, or sweeping away both Hindu spinner and 
weaver, dissolved these small semi-barbarian, semi-civilized 
communities, by blowing up their economical basis, and thus 
produced the greatest and to speak the truth, the only social 
revolution overheard of in Asia.” 12 

Referring to the character of the village communities, Marx 
said : 

“I do not think any one could imagine a more solid foundation 
for stagnant Asiatic despotism. And however much the English 
may have hibernicized the country, the breaking up of these 
stereotyped primitive forms was a sine qua non for European- 
ization. Alone, the tax-gatherer was not the man to achieve this. 
The destruction of their archaic industry was necessary to deprive 
the villages of their self-supporting character.” 13 

10 K. Marx, ‘The Future Results of the British Rule in India’, London, 
Friday, July 22, 1853, New York Herald Tribune, August, 1853. 

11 K. Marx and F. Engels, On Colonialism, Moscow, p. 37. 

12 K. Marx and F. Engels, On Colonialism, Moscow, p. 36. 

18 Op. cit ., p, 280. 
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Regarding the alternative to British conquest Marx was equally 
forthright : 

“If we know nothing of the past history of Hindusthan, would 
there not be the one great and incontestable fact, that even at 
this moment India is held in English thraldom by an Indian army 
maintained at the cost of India? India, then, could not escape 
the fate of being conquered, and the whole of her past history, 
•if it be anything, is the history of the successive conquests she 
has undergone. Indian society has no history at all, at least no 
known history, what we call its history, is but the history of 
the successive intruders who founded their empires on the basis 
of that unresisting and unchanging society. The question, there- 
fore, is not whether the English had a right to conquer India, 
but whether we are to prefer India conquered by the Turk, by 
the Persian, by the Russian, to India conquered by the British.” 1 * 

n 

The Great Debate 

For a long time, Marxists continued to make their own 
assessment of Indian (and Asian) pre-British past, on the basis 
of the views of Marx. At any rate, we have no knowledge of 
Marx’s analysis having ever been questioned. It was a datum, 
hence it was, perhaps, not considered necessary to examine it, 
in the light of new material on Indian history and its social 
institutions, during the ancient and medieval periods, discovered 
and published, with or without commentaries, since Marx and 
Engels had last touched upon the subject. Thus, Lenin himself 
is said to have made the following note in his ‘Conspectus’. 

“The ‘Key’ to Oriental customs is the absence of private owner- 
ship of land.” 

“All land is the property of the head of the State.” 

“Asiatic villages are self-contained, self-sufficient (natural 
economy), constitute the basis of Asiatic customs and public 
works of the central Government.” 15 

It appears however that in 1930-31, quite a warm controversy 
suddenly erupted among Soviet Orientologists on the Marxian 
view at Tbilist and Leningard. 16 The debate would seem to have 

14 Op. cit., p. 76. 

15 Quoted by Y. Varga from Lenin’s Conspectus of the correspondence 
of K. Marx and F. Engels, 1844-1883, Russian Edition, Moscow, 1959, 
pp. 260-263. 

16 Y. Varga, Politico-Economic Problems of Capitalism, Moscow, 1960, 
p. 336. 


been triggered off by the appearance of G. Dubrovsky’s book 
entitled Concerning the Essence of the Asiatic Mode of Produc- 
tion, etc. in 1929 in which the author is said to have criticised 
the concept of the Asiatic Mode of Production and held that 
India and other Asian countries did have private property in 
land and did develop feudalism, although here feudalism was 
without the European type of serfdom. 17 

Varga refers to two of the leading participants in the debate, 
M. Godes and E. Iolk, besides Dubrovsky and mentions two 
symposia, containing the reports of the discussions at Tbilist 
(On the Asiatic Mode of Production published in 1930) and 
Leningrad (Society of Marxist Orientologists, “Discussion About 
the Asiatic Mode of Production”, Moscow-Leningrad, 1931). 

Although, we are not told anything about the arguments 
advanced by the defenders of the Asiatic Mode Concept, Varga 
informs us that “At the discussions held in Tbilist and Leningrad 
in 1930-31, the existence of Asiatic Mode of Production was 
denied and it was transformed into an “Asiatic Variety of 
Feudalism”. 18 

We are further told by Varga that “The editors’ note to the 
Tbilist discussions reads: ‘The development of the Asian coun- 
tries has throughout history been highly individualistic. In a 
certain sense this peculiarity has created a special structure of 
feudalism which may be called the Asiatic Mode of Produc- 
tion.’ ” 19 

Again, according to Varga, an identical formulation can be 
found in M. Godes’s concluding remarks at the Leningrad 
discussion. “We prefer to speak of a peculiar feudalism in the 
Orient, and not of an Asiatic Mode of Production.” 20 

It further appears that some of the participants sought to deny 
that Marx really considered Asiatic Mode of Production to be a 
specific type of economic formation different from Feudalism 
since Varga quotes M. Godes as declaring: “. . . .It is about time to 
stop discussions on whether Marx recognised the Asiatic Mode 
of Production as a specific social formation. We must not close 

17 Varga also mentioned Academician V. Struve, who according to the 
former had “denied the existence of an Asiatic Mode of Production” in 
1928 and during the 1931 discussions in Leningrad said that the Asiatic 
Mode of Production Existence in Egypt “up to the Roman Epoch, when 
Roman rule introduced a different formation” and again shifted his 
opinion and declared that there was no Asiatic mode in Egypt, but it 
was a slave-owning society. Earlier Struve is said to have held that 
“Egyptian peasant — in many cases held land but did not own it”. 

18 Y. Varga, Op. cit., p. 336. 

i» Ibid. 

so Ibid. 
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our eyes to Marx’s indisputable statements, even if we do not 
share his view on the Asiatic Mode of Production”. 

Godes held that in Marx’s time many facts about the Oriental 
countries were unknown and that Marx, who was not familiar 
with Lewis H. Morgan’s research, therefore advanced the 
existence of the Asiatic Mode of Production as a working hypo- 
thesis. “Marx . . . had, on the one hand an idea of primeval 
relations, on the other ... of the system of ancient society with 
its sharp class differentiations, the gap in Marx’s understanding 
of the historical process compelled him to look for the missing 
link.” 21 

Finally, Godes is reported to have asserted that “The Asiatic 
Mode of Production is nothing but Feudalism”. 22 Thus, in sum 
the conclusion reached seems to have been: 

(a) Asian countries did arrive at private property in land and 
the feudalism did develop there, though in a somewhat different 
form, that is without the European type of serfdom. 

(b) Marx’s conception was wrong since at the time he was 
writing, facts regarding actual developments in Asia, were very 
inadequately known. 

It is interesting to note Varga’s reaction to this debate, some 
thirty years after the event. 

Firstly, Varga held that Marx and Engels clearly visualised 
the Asiatic Mode, as a specific form of social formation, funda- 
mentally different from feudalism and that they continued to hold 
this view right upto the end and “nowhere do we find an indi- 
cation that they doubted the existence of a special Asiatic Mode 
of Production”. 23 

However, Varga was of the opinion, that : (a) Marx’s inter- 
changeable use of the terms ‘Asiatic’ and ‘Oriental’, showed that 
he included vast areas of Africa also in this connection, (b) Marx 
did not extend the concept to the whole of Asia, but only to those 
regions where the rainfall was insufficient for agricultural 
production. 24 

Secondly, he was of the view that the critics of Marx were 
taking an un-Marxian and unrealistic attitude of flying in face 
of facts, which clearly prove the actual existence of an Asiatic 
Mode of Production. Here, he cites three points of circumstan- 
tial evidence in defence of the concept, viz.: 

(1) The measure for land in China, in the ‘mu’, which is one 
sixteenth of a hectare, indicating that population concentrated 

21 Y. Varga, Op. cit., p. 350. 

22 Y. Varga, Op. cit., p. 351. 

23 Y. Varga, Op. cit., p. 335. 

24 Ibid. 


on small irrigated strips of land, since rainfall was scarce. 

(2) The archaeologists’ discovery of towns in African and Asian 
deserts show that a strong central power, building and controlling 
the water system and of the type associated by Marx with the 
Asiatic Mode of Production, must have existed, otherwise how 
could such towns with large populations and huge temples and 
pyramids, etc., grow up in the middle of the desert and the 
extension of the desert may have occurred long after these towns 
were built Changes in the course of rivers and climates and 
advancing of deserts with de-forestation is not unknown in 
history. 

(3) That, in Oriental languages, according to Engels, there is 
no word for ‘landlord’, could be possible only because of the 
existence of the Asiatic Mode of Production. 25 The present writer 
hopes to examine Varga’s circumstantial evidence, among other 
things including the impression of Engels regarding the supposed 
absence of an equivalent in Oriental languages for the term 
language in a larger work on the Asiatic Mode of Production, on 
which he is currently engaged. 

Varga at the same time concedes that “It is difficult to find 
documentary evidence to prove the existence of the Asiatic Mode 
of Production”. 26 It was perhaps this realization that led Varga 
to write in the penultimate paras of his book: 

“The problem can be reduced to the following: did recent 
research prove Marx’s ‘hypothesis’ wrong or not? Did an Asiatic 
Mode of Production exist at any time in History? I do not con- 
sider myself competent enough to give a categorical (emphasis 
Varga’s own) answer to these questions.” 27 

Until the fifties, Marxist scholars, at least outside the Soviet 
Union, seem to have continued to accept the concept, entirely 
uncritically. 

However, we notice in some of them an ambivalent tendency, 
as we shall see later. 

A certain group of Marxists which is unable to agree with the 
concept of Asiatic Mode of Production and has tried to establish 
that Marx had either abandoned the concept after the seventies 
or at any rate had begun to reconsider the concept in the light 
of new material, presented by, among others, the famous Russian 
Sociologist M. M. Kovalevsky. 28 

25 Y. Varga, Op. cit., p. 347. 

23 Ibid. 

27 Y. Varga, Op. cit., p. 351. 

28 To name only two prominent scholars, we may mention — 

(1) Daniel Thorner, ‘Marx on India’, Contributions to Indian Socio-^ 
logy, Paris, No. IX, December, 1966, p. 66, and 
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There is yet another group, which has begun to question the 
validity of Marx’s concept and deny the historical existence of 
anything like his type of Asiatic Mode as basically different from 
feudalism. 

This group while insisting that Marx did use the concept Asiatic 
Mode as something basically different from feudalism, however 
feels that in the light of recent researches and new material now 
available, there is clearly the need for a serious and objective 
re-examination of the validity of Marx’s concept, with its 
connotations. 

At least one scholar questions the sanctity of the very sequence 
of social formations as formulated by Marx and Engels and holds 
that they could never have meant the sequential order to be taken 
literally. This scholar has pleaded for a more realistic re- 
examination of historical material in order that specific stages 
of social formations in time and space may be objectively 
determined. He would like consideration to be given to the 
possibility of reversals of earlier types of social formations even 
after a higher type had already developed. 

Thus the great Debate has begun and may be expected to be 
joined by ever more Marxists, more specially by Marxist scholars 
of the Asian, African and North and South American countries. 

Ill 

Did Marx Abandon or Change His Views 

The present writer is of the view that: 

(1) Marx and Engels were categorical and altogether un- 
ambiguous in their thesis that the Oriental societies did not 
evolve private property in land, and feudal formation did not 
develop there, and what did come into existence and was per- 
petuated, causing stagnation in economy and social institutions, 
was the Asiatic Mode of Production, with a system of built-in 
equilibrium which remained more or less stable and undisturbed 
due to the absence of antagonistic classes and class struggle. 

(2) There is no basis in the claim that either Marx or Engels, 
at any stage abandoned their concept of Asiatic Mode or that 
their views were beginning to be re-considered by themselves. 

Thus, it is on record that Marx, in his reply to Vera Zasulich 
(the first of the four drafts) , 1881 — just two years before his 
death — reiterated the same views as formulated in his oft-quoted 
articles and letters of the fifties. 

(2) Irfan Habib, ‘Problems of Marxist Historical Analysis’, Enquiry, 
Delhi, Monsoon, 1969, pp. 51-56. 


Further, Engels in Anti-Duhring published in 1878, a book, each 
of whose chapters, according to Engels was seen by Marx, 29, who 
actually contributed the section on History, repeated the same 
view. 

And we find that in all the subsequent editions of this book, 
during Engels’ life time, including the 1894 edition, these passages 
not only remain unaltered, but there is no hint regarding any 
doubt having arisen on points noted in them. v 

Again, the same strain is found in Volume III of Capital. 30 
While it is true that the basic ideas of this book were available 
in Marx’s manuscript already more or less completed, Engels 
while editing the text made a few emendations when he publish- 
ed it several years after the death of Marx and this may be 
said to explain the continued stress on Asiatic Mode, since the 
text was drafted while Marx was still of his views of the fifties. 
However, the matter is really not that simple. For we have seen 
that in the course of his editing Capital, or introducing new edi- 
tions of any of the writings of Marx, or a joint work, after the 
death of Marx, Engels was always careful to mention either in 
his Prefaces or in the notes, the changes that their views or even 
terminology may have undergone, either since the work was 
originally published, or since it was written, in case of an un- 
published work. Here it should suffice to recall his “Labour and 
Labour Power” distinction in Capital 31 and “all written history” 
for “all history” in the Communist Manifesto. 32 

Hence, if there were the slightest shift in their views on the 
Asiatic Mode Concept — particularly regarding India and China, 
with which countries Marx and Engels were most concerned, 
from among the Oriental countries, Engels would certainly have 
made some, even though only a passing reference to it. 

Finally, so far as the likelihood of a reconsideration of Marx’s 
views, as a result of his study of Kovalevsky’s book Communal 
Landholdings : The Causes , Character and Outcome of Its Dis- 
integration, published in 1878 and discussions with the author, 
is concerned, the excerpts of Marx’s critique of Kovalevsky, 
available to us, clearly indicate Marx’s rejection of the Russian 
Sociologist’s suggestion that three of the four main criteria of 
Germano-Roman feudalism were to be found in India, which 

29 F. Engels, Anti-Duhring, Moscow, 1969, pp. 214-15, 217 and 366. 

30 K. Marx, Capital, Vol. Ill, Moscow, 1959, pp. 328-29. 

31 K. Marx, Wage, Labour, Capital, Introduction by F. Engels, 1891, 
p. 71, in Vol. I of Marx-Engels Selected Works, Moscow, 1962. 

32 K. Marx and F. Engels, Manifesto of the Communist Party, Foreign 
Languages Publishing House, Moscow, p. 47, Footnote h. 
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ought therefore to be regarded as feudal. 33 In the words of Marx 
“Kovalevsky forgets among other things serfdom, which is not of 
substantial importance in India. (Moreover, as for individual role 
of feudal lords as protectors not only of unfree but of free 
‘peasants . . . this is unimportant in India except for the Wakuf 
— Estates devoted to religious purposes’) ”. Nor do we find that 
“poetry of the soil” so characteristic of Roman-German feudalism 
(cf. Maurer) in India, any more than in Rome. In India the land 
is nowhere noble in such a way as to be, e.g., inalienable to non- 
members of the noble class (roturiers) . [We propose to examine 
this dictum in a separate study.] 

Thus, nothing in the hitherto available evidence, admits the 
possibility of any change in the views of Marx and/or Engels 
about the nature of the Asiatic Mode, much less a substantive 
reconsideration or abandonment of their earlier understanding. 

IV 

Evidence Re-examined 

The next question is, were Marx and Engels justified, even on 
the basis of evidence available in their day, to come to the con- 
clusion that the character of social formation in Asia and speci- 
ally in India, throughout history, or at any rate, since the arrival 
and conquest by the Muslims, was fundamentally different from 
the various types of feudal social formations, — the classical 
English and French one, or even the Romano-Germanic variant. 

Let us now look into the authorities, Marx and Engels seem to 
have utilised as their source of knowledge regarding the history 
of the Asiatic or Oriental peoples and their economic, and social 
institutions. 

(1) We shall begin with Bernier. 

As is well-known, Marx and Engels were greatly impressed 
by Bernier s description of Indian conditions as he saw or under- 
stood them. 

Now Marx found two significant features of Indian economy 
in Bernier, viz., 

(a) The King is the sole and only proprietor of all the land 
in the Kingdom ; and 

(b) The towns in India, including even the capital cities like 
Delhi and Agra, were properly speaking nothing but military 

S3 Quoted in Eric J. Hobsbawm, K. Marx, Pre-Capitalist Economic 
Formations, New World Paper Back Edition, International Publishers 
New York, 1969, p. 58. 


camps, only a little better and more conveniently situated than 
in the open country. 

It is surprising that Marx and Engels failed to note two signi- 
ficant things in Bernier’s account, one seriously qualifying the 
sweeping generalisation regarding the royal ownership of land 
and the other contradicting the characterisation of the Indian 
cities like Delhi and Agra. 

(a) Regarding the first point, we find Bernier, while again and 
again, reiterating his generalisation, also refers to literally scores 
of hereditary Rajas, within and without the empire, with their 
own territories, where they reigned supreme, either as tributaries 
of the empire, or as independent rulers, seeking to maintain their 
sovereignty and not unoften, as in the eastern parts, even making 
forays in the imperial domains. These Rajas were, according to 
Bernier, of such importance that they could afford to raise and 
maintain huge armies and the Mughals were obliged to treat 
them with caution and care and endeavoured to win their support 
in their campaigns of conquest, suppression of revolts and even 
during wars of imperial succession. 

It is obvious that these Rajas, occupying large territories, could 
not have possibly acquired their huge resources, without being 
overlords of the agricultural lands in their estates, able to draw 
resources from these lands, in their own rights. 

Besides, Bernier, has made no reference to any law or even 
a Qazi’s (judge) verdict, indicating even by implication, that 
possession of land was necessarily, in all cases or even generally 
non-hereditary in the case of persons, other than government 
officials, who received temporary jagirs, in lieu of their emolu- 
ments, or that they were subject to escheat on the death of the 
holders, with or without an issue to succeed them. 

Indeed, Bernier does not mention one single instance of escheat 
having actually occurred, during the five years of his stay in the 
Empire, most of which time he seems to have lived in the capital 
town of Delhi, in the service of Fazil Khan, the Chief Steward 
of the Royal Household, where he must have been close enough 
to the court circles to hear about the property of any rich person 
being escheated to the King, on the death of the former, if any 
such incident had taken place. 

The solitary case he mentions is that of the reign of Shah 
Jahan, in which, on the complaint of the son of a merchant, 
attached to the court, the Emperor sent for the widow and 
ordered her to pay one lakh rupees to himself and fifty thousand 
to her son, out of the two lakhs, her husband had left behind 
him. Now, according to Bernier, the widow told the Emperor : 

“. . . my son hath some reason to demand of me the goods of 


his father, as being of his and my flesh and blood and therefore 
our heir ; but I would gladly know what kindred, is your majesty 
to my deceased husband to be his heir. . . .” 34 

Bernier finally reports that the Emperor : 

“Commanded . . . that nothing should be asked of her.” 35 

If anything, this incident is an evidence to the contrary. Here 
was the widow of a rich court employee — and merchant — money- 
lender — , not seeking to deny that her husband had left a lot 
of cash behind, clearly not afraid that there was any natural right 
of the Emperor to the property left by her late husband. And 
when she questions the basis of the Emperor’s claim — even of a 
share — the Emperor or any Minister is unable to remind her of 
any law or convention, that the property of a court employee, 
automatically passes on to the Emperor. Besides, it would seem 
to point to a convention that normally, the children of a person 
were regarded as his heirs on his death. Recall the widow’s 
remark . . being of his and my flesh and blood and therefore 
our heir. . . 

In this connection, another thing is noteworthy, Marx and 
Engels had concluded that the absence of private property in land 
and the King’s ownership of all land was due to the aridity of 
the soil and the need for large irrigation works. However, 
Bernier, in his letter to the French Minister Colbert stated : 

“. . . You may please take notice, that of that vast extent of 
land, there are large countries that are very fertile, and some of 
them to that degree (for example, the whole of the great King- 
dom of Bangala) that they exceed those of Egypt, not only upon 
the account of the abundance of rice, corn, and all other things 
necessary for life, but also upon the score of all those commo- 
dities so considerable, which Egypt is destitute of, as silks, cottons, 
indigo and so many others, sufficiently related by authors.” 

“Moreover, that of these same countries there are many that 
are well enough peopled and cultivated. . . ,” 36 

And neither anywhere in the letter nor elsewhere in the main 
text of the book, do we find any reference to the lack of rain 
or the dependence on irrigation, the creation and maintenance of 
large irrigation works by the State. Further, when we recall 
that during the early part of Bernier’s visit, the war of succession 
was going on, causing undoubted chaos, which could not have 
left unaffected normal services like the major irrigation channels, 

84 Bernier, The History of the Late Revolution of the Empire of the 
Great Mogul, to which is added a Letter to the Lord Colbert, London, 
1671, pp. 147-48. 

SB ibid. 

*® Bernier, Op. c it., pp. 3-4. 


(if they were really built and maintained by the State through 
its officers) adversely reacting on cultivation and production, 
supply and prices of agricultural commodities, it is surprising 
that our travellers should neither have noticed it, nor considered 
it important enough to record it. 

Even when he mentions that “among these vast tracts of land 
there is much, which is nothing but sand and sterile moun- 
tains”, 37 Bernier does not tell us that they are cultivated with 
the help of water supplied by State canals etc. On the contrary, 
he said that they are “ . . . little tilled or peopled. . . .” 38 

Indeed, far from any paucity of rains in India, we are told 
by Bernier, in his Ninth letter to Monsieur de Merneilles : “. . . in 
the month of July, when the heats are most violent, rains begin 
regularly to fall, which continuing for three months, together, 
do temper the earth, and render it very fruitful. . . .” 39 

Regarding Bengal, or Bengala as he calls it, after the then 
current usage in India — Bernier says in the same letter : “. . . in 
Bengala these rains are pouring down for four months, and some- 
times continue for eight days and nights together without 
intermission. . . ,” 40 It is revealing that when Bernier tells us 
that “there are also some years, in which they (the rains) are 
not so plentiful as in others ; insomuch that two years together 
it did almost not rain at all ; . . .” 41 he does not mention that 
in these years, the State irrigation system provided water for 
cultivation. Actually what he says is that “. . . this caused much 
sickness and great famine. . . .” 42 

It is thus clear, that Bernier neither noticed any normal need 
for State water supply for cultivation, nor its general organisa- 
tion by the State, so much so, that in years of complete or even 
partial drought, crops failed and scarcity and epidemics resulted. 

Therefore, the thesis of climatic foundation of absence of 
private property in land, and the consequential natural develop- 
ment of institution of ownership of all land by the King, assumed 
by Marx and Engels would not seem to hold water. 

As a matter of fact, where he does refer to irrigation works, 
Bernier talks of “ditches and channels for the course of water”, 43 
which are apparently maintained by the peasants themselves 
and that when the peasants neglect them, they are no more 
effective. 

37 Bernier, Op. cit., p. 7. 

as ibid. 

39 Bernier, Trans., p. 401. 

40 Bernier, Op. cit., pp. 401-2. 

44 Ibid. 

49 Ibid. 

43 Bernier, The History, Tom. II, p. 34. 
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Let us now turn to the second point — the character of Indian 
cities. 

While Bernier refers to several towns, he gives us particulars 
mainly of Delhi and Agra. 

As seen above, our traveller tells us that : 

(i) these were merely large military camps ; 

(ii) their population depended for its livelihood on the army ; 
and 

(iii) the entire or almost the entire population was forced to 
accompany the army, whenever the King took to the field, imply- 
ing that the cities were practically deserted, in between two 
military campaigns of the King. 

We shall examine these points separately. 

(i) If we were to carefully read the enthusiastic and exhaustive 
description of Delhi — and a little less so of Agra — their location, 
area, population and its composition — public buildings, the Fort, 
the style of architecture, the pattern of construction — with his 
defence of the pattern on the basis of their being just as good 
and convenient as the Parisian homes, in the background of 
Indian climate, — the quarters of the soldiers and the town poor, 
the roads and avenues and the bazars and their wares etc., 44 
giving an impression of permanence and solidity, it is difficult 
to escape the feeling that Bernier was being metaphorical in his 
characterisation. Moreover, Bernier may have had his French 
patrons in mind, because this characterisation occurs in the 
course of his comparing Delhi and Agra with Paris, besides his 
natural sense of pride in Paris. 

(ii) So far as the population of Delhi is concerned, Bernier 
had estimated that “. . . if there be not altogether so much people 
in Delhi as in Paris, at least there wants not much of it.” 45 

Now, although Bernier does not give us any specific estimate 
of Delhi’s population, we may safely assume that the population 
of Delhi after 1638, could not have been less than that of pre- 
1638 Agra, that is, between 5 lakh to 6 lakh people. 46 

It goes without saying, that in a capital town like Delhi — 
specially chosen by Shah Jahan to serve in place of Agra — the 
Royal court would be the fulcrum round which the civic life 
would revolve. The principal and primary consuming classes 
would be the Royal household, alongwith its numerous servitors 
and armed guards etc., and their dependents, the nobles and 
others attached to the Court and their families and servants, the 

44 Bernier, Travels, pp. 221-40. 

45 Bernier, Op. cit., pp. 264-65. 

48 See footnote 72. 


soldiers and their dependents and finally the clerks etc., employed 
in various government offices and establishments. 

The producing and servicing classes would be the artisans and 
craftmen, the shopkeepers, merchants, bankers, cartmen, washer- 
men, physicians and surgeons, the veterinary doctors, the teach- 
ers, the apothecaries, the watermen, the watchmen, the building 
workers, blacksmiths, carpenters, stone workers, painters etc., 
who would naturally depend for their livelihood on the primary 
consumers. 

Thus our author says that “. . . all the inhabitants of the 
town, living upon the Court and the army. . . .” 47 

Here the question is, how big was the army stationed in Delhi 
and what was its likely weight in the aggregate demand on the 
services of the producing and servicing classes. For this would 
give us a means to judge the degree of exodus of the latter 
classes caused by the departure of the army. 

At one place, Bernier mentions that the army following 
Aurangzeb on his way to Kashmir in 1664, consisted of 1 lakh 
horsemen, 70 field pieces, drawn by 20 teams of oxen and some 
elephants and 3 lakh to 4 lakh soldiers and camp followers. 

However, Bernier does not say that this whole army was drawn 
from Delhi. Thus, we may assume it, that this figure does not 
necessarily represent the strength of the army normally stationed 
in Delhi. 

Our assumption is confirmed by Bernier’s own statement at 
one place that 35,000 horsemen were stationed in Delhi and by 
another that the entire number of horsemen in the army, in the 
field, amounted to 1 lakh. Thus, 65,000 of these 1 lakh must have 
been drawn from outside Delhi, most of them contributed by 
the tributary chieftains and Jagirdars etc. 

Now, according to Bernier, each of these horsemen was 
followed by servitors of one kind or the other. Hence, whereas 
35,000 Delhi-based horsemen would draw another 70,000 camp 
followers drawn from Delhi, no less than 1.3 lakh non-Delhi men 
would be accompanying the non-Delhi horsemen, if we assume 
two persons accompanying each horseman. 

This would bring the combined total of Delhi and non-Delhi 
horsemen and their camp followers to 3 lakh of which 1 lakh 
would come from Delhi and 2 lakh from outside. 

Now we have 1 lakh of the 4 lakh — the upper limit — left. And 
these may be presumed to consist of foot-soldiers. 

Obviously all these could not have been drawn from Delhi, 
since the Chieftains were expected to supply both horsemen and 

47 Bernier, '"p. 357. 

48 Op. cit., pp. 356-57. 
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foot-soldiers. And if we were to apply the same proportion as 
in the case of horsemen, the Delhi-based soldiers would number 
35,000, while those coming from outside would be of the order 
of 65,000. 

Thus in all, the number of soldiers, both horsemen and foot- 
men, together with the camp followers drawn from Delhi would 
total up to 1.4 lakh. 

This would still leave about 3.5 lakh to 4.5 lakh of the normal 
population of Delhi, staying on in Delhi. 

If we were to take Bernier literally, and assume that 35,000 
horsemen and 35,000 foot soldiers totalled the entire strength of 
the army normally stationed in Delhi, its withdrawal should 
mean acute distress in the population left behind— 3.5 lakh to 
4.5 lakh persons exclusively dependent on the army. And yet, 
we are not told by Bernier that starvation or serious distress 
occurred in Delhi, during the several month-long absence of the 
Emperor and the army. 

We may thus conclude that Bernier’s characterisation was 
metaphorical, otherwise an untenable situation faces us. 

This for Delhi. How about Agra ? This city had ceased to be 
the capital in 1638. And yet, just as Delhi has been reported 
to have continued to be populous even after Akbar chose Agra 
for his capital, contemporary accounts tell us that Agra, even 
after the Emperor Shah Jahan’s moving out to the new Capital 
at Delhi still continued to flourish, as noticed by Tavernier and 
Bernier, among many European travellers and a number of 
Indian contemporaries, as late as 1685. 

While it is true that for general strategic reasons and also 
because Shah Jahan was imprisoned there, discretion must have 
led to the stationing of an adequate armed force at Agra, as to 
how large this force was, we are not told. In any case, the force 
in Agra should have been considerably smaller than at Delhi and 
must have been stationed there permanently, although of course 
its personnel may have been changing. 

However, it is surprising to learn that such a huge population 
was able to continue and evidently sustain itself, even after the 
Court had shifted to Delhi and the city could no longer live off 
the Court, with the armed forces themselves being considerably 
reduced. 

Perhaps, what actually happened was that in these two cities, 
as also in the hundreds of others big, middling and small ones, 
with populations ranging from a few thousand to 2 to 3 lakh 
however they might have been founded, as a historian has 
recently discovered, gradually an element of economic viability 
was introduced, firstly by the consumer demands of the rising 


population and secondly by the thousands of artisans and trades 
people who carried on their occupations to meet these demands 
and in turn received their own sustenance from these consumers 
and trades people who carried their goods outside and themselves 
became consumers of each other’s products. Dr. Hameeda Naqvi 
gives a graphic account of the scores of economically active 
towns, apart from the five principal capital and commercial cities 
—Delhi, Lahore, Agra, Benaras and Patna. 49 

It would thus be seen that the picture that emerges from the 
account of Bernier, as a whole, is substantially different from the 
one gleaned by Marx and Engels presumably from the same 
source. 

For example, Bernier reports plenty of rainfall in all, except 
some areas and mentions neither the dependence of Indian agri- 
culture on large irrigation works, nor notes their existence.* 

Indeed, where he does refer to artificial irrigation, he mentions 
only “ditches and channels”, maintained by the peasants them- 
selves, which, as is well known, themselves depend on rains. 

Thus the very raison d’etre of the absence of private ownership 
of land is brought into question. 

Again, Bernier does not even en passant refer to any kind of 
isolated village communities, in any part of India he visited — 
Gujarat, Agra, Delhi, Punjab, Bengal and some areas in South 
India. Nor does he mention having heard of the system of 
periodic redistribution of land. 

With regard to the cities, his characterisation has been shown 
to have been no more than metaphorical and an inclination to 
accept it as realistic has, on closer examination proved to be 
contradicted by his assumptions. 

That Marx and Engels missed this picture could only be due 
to their really not having been able to study the full text of 
Bernier’s account, including his letters to Colbert and others. 

2. Let us now consider the Parliamentary Reports. 

Now, it is obvious that by the Parliamentary Reports, in this 
context, Marx is referring to the Fifth Report of 1812, since it 
is here, that the passages made so famous by him, are contained. 

Here again, the question arises, did Marx study this Report 
at first hand, or had he based himself on only this particular 
part, reproduced somewhere else? This doubt arises in our mind, 

49 H. K. Naqvi, Cities and Industries in Upper India, 1556-1803, Asia 
Publishing House, 1968. 

* No doubt, some cavals were constructed by official agencies. But 
these were few in number. In the main, irrigation, where necessary, 
was carried on by private, individual, or collective effort, through wells 
and tanks, etc. 


since a careful scrutiny of the text of the Fifth Report reveals, 
that it contains a large number of other accounts, regarding the 
agrarian systems of the regions below the Vindhyas, which com- 
pletely contradict the impression created by the one quoted by 
Marx, or at any rate makes one conclude, that this passage at 
best, reflected the conditions in only some parts of the region 
and by no means represented the typical form of agrarian rela- 
tions in South India. 

Our doubt is further confirmed when we observe that while Marx 
neither directly quotes the passage from the Fifth Report, nor 
m fact even mentions it by name, exactly the same passage is 
lound m two sources, which he specifically refers to, viz.: 

(i) Historical Sketches of the South India, 1810-17 Vol I bv 

Lieut. -Col. Mark Wilkes; and ’ ' ’ y 

(ii) Modern India and Its Government by Sir George Campbell, 
t may be noted that in the Fifth Report, this passage occurs 

on pp. 85-86, as a part of the “Northern Circars Report of the 
Committee of Circuit and Memoirs of Mr. W. Oram delivered to 
Government in the years 1786 and 1787”. 80 

? ll Si | n if l Ca ^ t that no other re P° rt of the District Collectors 
and the Fifth Report is essentially a collection of District Col- 
lectors Reports, makes any reference to similar pattern of land- 
holding, anywhere else. 

Asa matter of fact, the other reports in the Fifth Report contain 
descriptions which clearly point to the existence of private 

ofTak? h ete° f Wlth fuU proprietar y ri S hts . including the right 

Mav^/^fino C6 f+ the F rincipal ColIec tor of Canara writing on 
May 31, 1800, after referring to the existence of private property 

m land and incidence of land sales, etc., had the following to 

^5 egai ^ in £ the land system in the Vijayanagar Empire: 

Nntbi'ncfh 6 ? 3 ^ 0 ^ 0 ^ * anc *’ ky sa i e or otherwise was unrestricted. 
Nothing but flight or sale, or non-payment of rent, could take it 

from the owner. If he absconds with balance standing against 
him, it was transferred to another person; but if he or his heirs 
returned, at ever so distant period, it was restored. ... No crime 

m the proprietor could extinguish the right of the heirs to the 
succession. . . .” 51 

We are further told that the owner was free even to rent out 
part of his land. 52 

Yet another report mentions that Tipoo Sultan had changed the 

fin 7 ° Q Sele ^ 0 C °™ mMee ’ Fifth Report ’ House of Commons, 1812, pp. 25-6 
avu-ts and 885-6. 

51 Ibid. 

82 Ibid. 


68 


joint assessment system into a system of individual assessment 
of each landholder. 53 

It is significant that Marx does not refer to any of these other 
reports, which contain unambiguous reference to private owner- 
ship of land, 

It would thus appear that either Marx took the village com- 
munity quotation from Campbell, or if he took it from Wilkes’ 
book, which seems more likely, Wilkes too did not take note of 
the other — contrary— reports included in the Fifth Report. That 
Marx perhaps never consulted the Fifth Report, in original, seems 
to be further confirmed by the fact, that neither in Capital, nor 
in any of his other writings or letters, do we find a single reference 
to this source. 

The fact that among the Parliamentary Reports included in 
the Bibliography appended to Capital, Volume I, there is no 
mention of the Fifth Report of the Select Committee of the House 
of Commons, published in 1812 is significant. And the passage 
of one of the Collector’s reports quoted by Marx on page 358 of 
Capital, Vol. I, Moscow edition, refers to the source as Lieut.-Col. 
Mark Wilks: Historical Sketches of the South of India, 1810-17, 
Vol. I, pp. 118-20. It may thus be considered conclusive, that 
Marx and Engels did not consult the 1812 Report directly, and 
therefore were unaware of the wide variations in land relations 
and property systems, discovered by other collectors, elsewhere 
in South India. 

However, it even seems doubtful, if Marx was able to study 
Campbell’s book, on which he appears to base his own views 
regarding North India, in full, or even the earlier four chapters, 
where the writer has recounted certain relevant aspects of Indian 
agrarian system, particularly in upper India, with which he was 
familiar. 

This doubt arises from the fact that, while Campbell reproduces 
parts of Fifth Report and himself refers to the existence of 
“Village Communities” in North Western India, “. . . about the 
Upper Sutlej, and East and West, to the Jumna on one side and 
far into the Punjab, on the other . . ,” 54 he really does not mean 
by village community, the same thing as Marx does. 

Campbell divided the village communities into two tvnes 
viz.: ’ 

(a) the simple or the aristocratic type, whose headman or 
Potail” is an employee of the Imperial Government, as are the 
Karkuns (or Kamam) and Qanunge, etc-, who perform various 
functions in connection with the assessment of rent and its 

82 Ibid. 
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realization, etc., which according to Campbell, have been reported 
to be found in South; and 

(b) the ‘strong’ or ‘democratic’ type, which is jointly owned by 
members of a tribe or sub-tribe or clan and, whose internal 
affairs are supervised and adjudicated by a body of punches, who 
also negotiate with the Government officials, regarding the 
revenue charge on the village and are responsible for allocating, 
collecting and discharging the dues of the State. 55 

Further, there is a significant departure from the concept of 
Marx. 

First, we are told of the possibility of differentiation among the 
landholders by holding size. For instance, Campbell says: 
“. . . Claim to the office (Punchship) is considered to consist 
in a large stake in the village and personal fitness. A clever, 
well-spoken man who has a good share of land (emphasis ours) 
and is the head of a number of relatives and friends, becomes 
one of the Punch. . . .” 58 

Second, the existence of “the accountant and banker and 
mercantile inhabitants” who were, according to Campbell, 
regarded rather as “allies than subjects, for though they have no 
direct voice in the management, they are courted as moneyed 
men, who increase the prosperity of the community, and with 
whom all have transactions”. “Money is power in all communi- 
ties ,” 57 (Emphasis ours.) 

Here, we find a pattern of division of labour and the presence 
of money economy and commodity production and trade, which 
Marx had ruled out. 

And there is absolutely no reference to self-sufficiencv or 
production only for direct consumption or isolation of these 
communities, since he tells us, “. . . From them (the moneyed 
men) advances, etc. are received, they take all the grain and 
credit at market price, and generally the revenue is paid through 
them”. 58 

One can clearly see the emergence of commodity production, 
even in agriculture, in this cash nexus between the traders and 
the producers. 

Then we have the singular feature of the rest of the “inhabi- 
tants — carpenters, blacksmiths, priests, etc., etc.” (presumably 
including the weaver, oilman, sugarmaker, etc., S. N.) “and the 
large number who do everything laborious except actual agri- 
culture, and are sometimes employed to assist in that — all these 

55 George Campbell, Op. cit., p. 84. 

56 George Campbell, Op. cit., pp. 88-9. 

57 Op. cit., p. 90. 

58 Op. cit., p. 91. 


are classed as ‘Kameens’ or inferiors, and receive an annual 
allowance of grain for their services. . . .” 59 

Thus, here we have the elements of a class of craftsmen and 
labourers, with no land of their own, which are missing Marx’s 
model, and no reference to any unity of crafts with agriculture, 
as posited by Marx, except as occasional agricultural labourers. 

Again, we discover the desire and no doubt the effort could 
not have been absent — to seek prosperity, in the recognition of 
the power of money, and respect for the moneyed men, in the 
background of the then existing stage of commodity production. 

Campbell tells us of, the existence of the right of alienation 
of land and to sale, even to a stranger though not without the 
consent of fellow landowners. However, sale to members of the 
village community seems to have been freely permitted. 80 

Campbell further tells us how in the rest of North India, among 
other areas, the Zamindari system had already been existent, at 
least since the Mughal period, or had spread during the period 
of civil wars and anarchy since the death of Aurangzeb, together 
with the growth of differentiation between landlords and 
tenants 81 and presumably among the peasants themselves. 

And yet Marx did not note any of these features reported by 
Campbell. 

Finally, we have the testimony of Campbell that “in the plains 
the roads are always in dry weather practicable for carts”, though 
he adds “always excruciably bad . . .” since he could not find 
that “they ever metalled their road. . . ,” 62 

This too Marx seems to have entirely missed. 

If Marx and Engels had only read the travel accounts of even 
a few of the scores of European travellers and merchants who 
had recorded their experience, often ranging over several decades 
and covering large parts of the country, published in the early 
years of the 19th century by Purchas and others in England, they 
would have been able to roughly and more realistically recon- 
struct Indian social and economic conditions in different periods, 
from the 16th to the 18th centuries. 

They would have learnt that — 

(1) All-India centralised empires have existed very infre- 
quently and few of them survived even two centuries. 

(2) Behind the apparent might and magnificence of the 
imperial houses stood the hereditary feudal chiefs who exercised 
immense power, by virtue of the surplus they extracted from 

59 Op. cit., p. 94. 

60 Campbell, Op. cit., p, 94. 

81 Ibid. 

82 Op. cit., p. 34, 
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the peasants of their estates and the private armies that they 
maintained. They would have also found out that the standing 
army of the king was very modest — considering the vastness of 
the empire and that he depended on the feudal chiefs and 
jagirdars for men to enable him to conduct his military campaigns 
effectively. 

(3) They would have learnt of the growth of internal trade 
in the country and a vast and effective net-work of communica- 
tion by road and water. To take one example, according to 
Pelsaert, the Agra traders could learn quickly, from their agents 
in Golconda about the despatch of spices, etc., from Masulipatam 
to Agra — a distance of over 1,500 miles — and were able to take 
advantage of this knowledge, making huge profits, while the 
European traders were left guessing, 63 and suffered losses. 

(4) They would have been told that India was by no means 
a more or less rural country, but that it had numerous cities of 
varying sizes, many of which were economically active and even 
•viable, 64 and the ratio of urban to total population was con- 
siderable. 

Thus a contemporary of Akbar tells us that there were as many 
as 120 big cities and 3,200 townships (Qasbas) , each having from 
100 to 1,000 villages under it. 65 

One European traveller considered Lahore as “second to none 
either in Asia or Europe”. 66 

In 1615, we find Coryat declaring Lahore to be “one of the 
largest cities of the whole universe”. 67 

English travellers considered early 17th century Ahmedabad 
to be as big as London, with its suburbs. 68 

Again, in early 17th century Patna and Masulipatam were 
estimated by European visitors to contain 2 lakh people each. 69 

Adverting to Agra we find that a foreign traveller’s account 
recorded between 1583 and 1586, that both Agra and Fatehpur 
Sikri were larger than London. 70 Salbanks confirms a few years 
later, the estimation of Fatehpur Sikri. 71 

Further, while Father Xavier writing between 1593 and 1617, 
when Agra was still the imperial capital estimated the city to 

63 F. Palsaert, Jahangir’s India, Cambridge, 1925, p. 22. 

64 H. K. Naqvi, Op. cit., pp. 9, 134. 

65 Nizamuddin Ahmad Bakhshi, Tabaqat-i-Akbari, Vol. Ill Asiatic 
Society, Calcutta, 1936, pp. 545-46. 

66 F. S. T. Monserrate, The Commentary, Oxford, 1922, p. 159. 

67 W. Foster, Early Travels, London, 1927, p. 243. 

68 Foster, Op. cit., p. 206. 

69 Foster, Op. cit., p. 140. 

70 Ralph Fitch, Narrations, London, 1899, pp. 97-8. 

71 Purchas, His Pilgrims, London, 1626, Vol. Ill, p. 84. 


have a population of 5 to 6 lakhs, 72 another foreign traveller 
Manrique two years after the transfer of capital to Delhi, 
estimated the Agra population to be of the order of 6.6 lakh. 73 
Both Tavernier 74 and Bernier 75 writing during the second half 
of the seventeenth century, almost two decades after the shift of 
the capital from Agra, adjudged the city to be still considerable 
in area and populousness. This is further corroborated by the 
accounts of Amal Saleh Kamboh 76 and Brahman. 77 In 1685 
almost half a century after the transfer of capital from Agra, 
Sajan Rai gives a similar impression of Agra. 78 

This would make patent the autonomous viability of Agra and 
no doubt of many other cities and towns, notwithstanding the 
absence or withdrawal of direct court or army patronage. 

(5) It would have come to their knowledge that as far back 
as 1600, in Mughal Hindustan alone (from Lahore to Patna) as 
many as 32 urban centres manufactured cotton cloth in large 
quantities and were famous for their high quality and low 
prices. 79 

(6) They would have been able to see that a class of affluent 
merchants, shippers, bankers and money-lenders was rapidly 
growing, engaging in internal and external trade, money-lending, 
banking and bills of exchange transactions. 80 

(7) They would have also learnt about the recurring conflict 
between the traders and the feudal lords and officials on the issue 
of the exaction of transit dues on merchandise, notwithstanding 
frequent Firmans of the Emperor against such practices. 81 

(8) It would have come to their knowledge that numerous 
peasant uprisings occurred in India— even in the vicinity of the 
Capitals — Agra and Delhi — rather than there being a picture of 
a passive peasant population. 82 
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They would have learnt of large-scale desertions of dis- 
contented peasants particularly in the Doaba area. 83 

(9) They would have also seen that a national market along- 
with the extension of the empire was developing, that the 
circulation of money was growing and that most of land tax was 
paid, not in kind, but in cash, thereby further expanding the 
trading transactions. Thus monetisation of the economy and 
accumulation of merchant and moneylending capital was growing 
apace and so was agricultural and non-agricultural production. 84 

(10) As a matter of fact, they would have seen that the real 
failure of the Mughal Emperors lay in their continuing to allow 
the hereditary Chieftains and Zamindars and even Jagirdars and 
Mansabdars to raise and maintain their own armed forces and 
levy taxes and transit imposts in utter disregard of the Royal 
decrees while the Royal army was relatively small in number. 

What the foregoing would have made patent is that the Mughal 
administration was extremely inadequately centralised and 
normally at the mercy of powerful chieftains, if and when they 
considered it opportune to rebel or to become indifferent to the 
Royal commands, specially in times of widespread discontent 
and disturbances, not unoften directly or indirectly encouraging 
or even associating themselves with the uprisings. 

Indeed, one can’t help observing the paradox that precisely 
since the time, after Akbar had reconquered, extended and con- 
solidated the Empire, with increasing population, expanding pro- 
duction of agriculture and industry and trade, both internal and 
foreign, as also with the Indian areas outside the Empire, the 
obvious measure to curb the economic and military power 
and influence of the bigger Tributary Chieftains and the Jagirdars 
and Mansabdars was not undertaken. Instead of putting them 
on salaries in cash and abolishing the Jagirdari and drastically 
reforming the feudal systems — to build direct links with peasants 
and the traders and come to their aid against the harassment 
and exactions of the chiefs and jagirdars and thus win them 
over as their allies against the recalcitrant feudal elements and 
thereby encourage production and trade and acquire additional 
strength and broaden the social base of the monarchy and dis- 
banding private armies, strengthening the Royal army substan- 
tially, the monarchy relied more and more on the feudatories and 
Jagirdars, etc., seeking to strengthen itself by the illusory means 
of playing one chief against another and frequently changing the 
Jagirdars — a game which was bound to be self-defeating, in the 
long run. 

83 Irfan Habib, Ibid. 

84 Irfan Habib, Ibid. 


This is what the Tudors did after the Wars of Roses ended in 
their victory. But their near contemporaries in India failed to 
read the signs of the times and alienated themselves from both 
the feudal and quasi-feudal (Jagirdars) elements and their 
victims — the peasant as also from the rising new force of crafts- 
men and traders, whose weight in the economy was rising, but 
who were far from gaining any effective political protection, 
notwithstanding the imperial desire and repeated pronounce- 
ments and decrees. 

All this Marx and Engels failed to observe. Thus, rather than 
formulate issues for historical investigation into the factors 
behind this paradox and its probable relationship with social and 
economic developments in India or lack of them, they arrived 
at definitive conclusions on the basis of the largely mythical 
original sin — the Indian climate. 

Of course, it may well be, as has been argued by Hameeda 
Naqvi, in a hitherto unpublished study, that the empire was too 
large and conditions in different national regions too varied, as 
a result of uneven developments, caused by geographical and 
historical factors, for such a centralisation to be feasible and 
effective. Attempts to enforce economic and administrative 
policies and laws, originally framed to suit the specific conditions 
of the heartland of the empire — Lahore to Patna, actually 
adversely affected the economies of distant provinces, which 
before annexation were in a flourishing state, under local rulers 
who, though some of them had foreign blood in their veins, had 
settled down in these areas as virtual natives. 

Indeed, this opens up an extremely interesting line of specu- 
lation and investigation into the nature of conflicts between the 
centre of heartland Lahore to Patna-based imperial system and 
the interests of the provinces like Gujarat, Maharashtra (Khan- 
desh, Berar, etc.), Punjab, Sind and Pakhtoonland, which were — 
and are — distinct regions and the relation between this conflict 
and the subsequent revolts in these areas against the empire, 
leading to the rise of Mahratta power under Shivaji — and the 
Sikhs in the Punjab. 

V 

The Debate Must Continue 

That Marx and Engels could not come to a correct view of 
Indian social history was perhaps unavoidable, in the circum- 
stances under which they lived and functioned, specially due to 
the stresses and pressures on their time and energy, though their 
interest never slackened. 

However, it is now incumbent on Marxist scholars and parti- 
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shades of ideologies, rightists as w&ll as leftists. The events of 
February 1969, in Bombay, have brought the issue to an ugly 
focus. The discussions on the activities of the ‘Shiva-Sena’, in 
the Parliament, revealed how regional interests and passions 
could mask real issues and distort historical facts. 

In this paper, we will try to present an assessment of the 
situation, in which Shivaji established an independent Maratha 
kingdom. In this context, we will assess the theories put forward 
regarding Shivaji’s achievements. 

The question which one may firstly ask is : ‘How do we explain 
the popular support and loyalty of the common man in Maha- 
rashtra that Shivaji could secure in his efforts ?’ 

This question has been answered by Indian scholars, parti- 
cularly Maratha scholars, in different ways. Their arguments 
can be classified according to the emphasis that is placed on one 
or the other factor in the then prevailing historical situation. The 
classification is as follows : 

(a) Emphasis on the emergence of a national consciousness. 
This is Justice Ranade’s thesis. 1 

(b) Emphasis on the revolutionary changes effected by Shivaji 
in property-relations in land, in favour of the peasants. 
This is S. A. Dange’s. thesis. 2 

(c) Emphasis on the establishment of a Hindu Kingdom, in 
opposition to the alien Muslim (Mughal) imperial rule. 
This is V. D. Savarkar’s thesis. 3 

It cannot be denied that the three factors, mentioned above, 
are potentially or incipiently present in the historical situation, 
and piecemeal evidence can be adduced in favour of the 
emphasis on one or the other of these factors. What one needs 
to do, however, by way of an objective historical interpretation, 
is to deny none of these factors, but to present a truthful total 
balanced picture, in which each factor is given only its due 
importance. 

If we go through the massive literature in Marathi that has 
grown round the Shivaji-theme, we find that the emphasis has 
wavered between: (1) affirmation of a secular national (all- 
India) consciousness and, alternatively, affirmation of a secular 

1 M. G. Ranade, Rise of The Maratha Power and other Essays, and K. T. 
Telang, Gleanings from Maratha Chronicles, University of Bombay, 
March 1961, p. 20. 

2 S. A. Dange, The achievements of Shivaji in ‘Kranti’ (Marathi) of 
17 February 1938. 

3 V. D. Savarkar, Hindu Pad-Padashahi (English), Second Edition- 

Manohar Grantha Mala, Poona 2, November 1942 (First Edition 1925). 
pp. 3-5, 14, 286. 
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nationality (i.e. Maratha) consciousness ; (2) affirmation of reli- 
gious (i.e. Hindu) national consciousness. All these trends 
have existed, in a confused and undifferentiated amalgam, 
from the beginning and persist even today. Ranade, as we have 
already noted, emphasized the secular national factor, but he 
was followed by others who emphasized the factor of Hindu 
resurgence. The factor of land-reforms, favouring the peasants, 
was emphasized by S. A. Dange and Lalji Pendse, 4 who, as 
Marxists, brought into focus the economic situation. 

Before we proceed to discuss separately each one of these 
trends, mentioned above, we would anticipate the discussion and 
affirm that the total picture is different from what is conjured 
up by placing the emphasis on any one of the three factors, 
mentioned above. 

Historical achievements of Shivaji and the secret of his 
popularity lay in his great personality as a benevolent ruler, who 
secured the affection, support and loyalty of Maratha people 
against alien conquerers ; Shivaji gave an efficient, incorruptible 
administration to the people. He was not a bigoted intolerant 
Hindu ruler. Moreover, he was a born military leader and as 
such could secure the loyalty of his generals and soldiers. 

It is clear, therefore, that the pictures conjured up by Ranade, 
Dange and Savarkar are lopsided and present distortions which 
prevent the emergence of an objective total picture of Shivaji. 

The contemporary ‘cult’ is only a consequence of the fact that 
Maratha historians did not succeed in building up an objective 
image of Shivaji, on the basis of a realistic appraisal of the 
economic, social and political factors of the situation ; and also 
because they interpolated their contemporary ideas, biases and 
'needs’ into the historical past. 

Let us now discuss the three interpretations, outlined at the 
outset. We will first take up Dange’s Marxist thesis, because a 
critique of the same will provide a suitable background for dis- 
cussion of the other two theses. 

Dange puts forward the following points : 

(1) Shivaji destroyed the economic power of deshmukhs, 
who were comparable to the feudal lords in Europe. He, thus, 
revolutionized property -relations in land, and conferred owner- 
ship of land on the cultivating peasants. 

(2) He created a non-hereditary bureaucracy, and, thus 
established a direct relationship between the monarchical state 
and the peasantry. 

. * Pendse, Lalji, Dharma ki Kranti (Marathi), published by author, 
September 1942, and Shivrayache Athavave Svarup (Marathi), in 
Yugantar weekly, April 1958. 
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(3) He was leading a peasant-revolution and his army was a 
peasant-army. Dange contrasts this volunteer-army with the 
mercenary armies of the Mughal emperor and of the Bijapur 
Sultan. 

Now, this whole argument is based on a wrong assumption about 
the role of deshmukhs in Maharashtra. Dange thinks that 
deshmukhs were a class of landlords, intermediaries between the 
king and the cultivating peasants. The real situation can be 
summarized as follows : 

(a) deshmukh literally means the leader ( mukha ) of the land 
( desh ). He was the hereditary leader of the group of village- 
communities, which comprised his deshmukhi. Each village, in 
turn, had a hereditary patil or headman. 

Both the deshmukh and the patil were not officers of the king. 
(The revenue officer of the king was the Kamavisdar, whose office 
was, in theory at least, not hereditary.) 

It may be noted here that the nadagauda in Karnatak is the 
exact counterpart of deshmukh in Maharashtra. The Persian 
word vatan means desh, and it appears that the term vatandar 
was coined to include all traditional hereditary village function- 
aries from the deshmukh down to the mahar (who was virtually 
a slave of the village community) . In Maharashtra, the vatandars 
are all these village functionaries, who are neither appointed nor 
paid by the king. 

(b) The deshmukh did not have property-rights in or title to 
all the land in his deshmukhi area. He owned some land like 
other peasants, who owned lands in their villages. He was not, 
however, a landlord, in the sense in which landlords were owners 
of land in feudal Europe. (Landlordism, created by the British 
in Bengal, was a new phenomenon in India. This was, therefore, 
described by Marx as Irelandization of Bengal.) 

Here, we may add that the persons who held inams or jagirs, 
secured from the king or emperor, were also not landlords in 
the European feudal sense. They shared the surplus extracted 
from the peasants by the ruler. In this sense, they were 
exploiters of the peasants, but not as owners of land in the 
European feudal system. 

The vatandars were also living on the surplus of peasant- 
production. But, their exactions were limited by tradition. The 
king and his jagirdars exacted whatever they could by force. The 
vatandars could not do so. By way of compensation, one may 
say, the vatandars (even the lowliest Mahar vatandar ) enjoyed 
a traditional honour and status in the village society. There 
are records to prove that this status (of a deshmukh ) was coveted 
by a ruling monarch (like Sahu, the grandson of Shivaji) , and 


was prized more than the status of a jagirdar or king. 5 

Since the two categories — vatandars and jagirdars — are not 
clearly and distinctly understood, and both are lumped together 
and equated with European feudal land-owners, we have tried 
to show how they differ from each other in essential functions 
apd status. 

Let us also deal with the term zamindar. This term was used 
to describe the new class of landlords created by the British. 
But, what are the antecedents of the term ? 

Dr. Irfan Habib has discussed the role of the zamindars in his 
paper “Potentialities of Capitalist development in the economy 
of Mughal India”. 6 He has said that “village was the usual unit 
of assessment” (p. 15) and the zamindar was “responsible for 
the collection of the land-revenue”, which was claimed by the 
king, (p. 16). The zamindar’ s claims on the surplus of peasant 
“were of an independent origin”, (p. 16) . So far, the zamindar 
seems to be having the same role as that of the deshmukh. 

But, Dr. Habib has pointed out that due to monetization and 
excessive pressure of land-revenue, the zamindar could alter the 
“substance” of his “economic right” and also could “expand the 
area under that right”, (p. 16). In other words, the zamindar 
tends to become an “intermediary” and zamindari rights tend to 
become a “fully saleable commodity”, (p. 16) . 

It is true that the zamindar’s claims on the peasants are in 
the nature of exactions from the surplus of peasant production. 
But, are we to consider that these exactions are in the nature 
of rent expropriated by landlords, under conditions obtaining in 
feudal Europe ? Alternatively, do we put the zamindars into 
the class of jagirdars, who formed the nobility under the Mughal 
Emperor ? 

I think that Dr. Habib is not asserting either of the two 
propositions outlined above. He is of the opinion that, zamindars 
remained a class by themselves, whose claims on the peasants 
had only a traditional origin, and he would agree that the claims 
did not originate nor were they sanctioned by the imperial 
power. The claims were limited by the framework of the tradi- 
tional village community. It is necessary, therefore, to clearly 
differentiate between the zamindars and jagirdars. 

This alone can explain why the peasant revolts of the Jats, 

5 S. N. Joshi, Marathekaleen Samaj-darshan (Marathi), Anath 
Vidyarthi Griha Prakashan, Poona 2, 1960, pp. 1-15, 33-68, 220-229. 

6 This paper was submitted in cyelostyled form, to the International 
Economic History Congress, in 1968. It was kindly made available to 
me by Dr. Amalendu Guha, my colleague in the Gokhale Institute of 
Politics and Economics. 



Marathas and others were not against the zamindars, but very 
often under their leadership, as is affirmed by Dr. Habib. The 
revolts were usually against the unlimited rapacity of the 
jagirdars or emperors. 

Here, we can make a general observation that Dr. Habib’s 
analysis of the north-Indian situation brings into focus the effects 
of monetization in agrarian economy of the Mughal period. In 
this respect, the region of Shivaji’s activities presents a different 
picture. Monetization had not then developed in this region, as 
was the case in the North and this is evidenced by the meagre 
size of towns like Poona, Satara, etc., compared to the size of 
towns like Agra in the North. This is further evidenced by the 
fact that no trading caste, like Jains, Vaishyas and Khatris in the 
North, was indigenous in Maharashtra, in the period of Shivaji’s 
activities, and even later. 

The deshmukh s role in agrarian society, therefore, remained 
what it was since centuries of static village economy. 

We shall now return to the problem of the deshmukhs in 
Maharashtra. Were the Maratha peasants in revolt against the 
deshmukhs under the leadership of Shivaji ? Did Shivaji destroy 
the system of vatandari or deshmukhi, in order to free the peasant 
from the oppression of these deshmukhs ? 

The facts of history do not point to such a situation. Shivaji 
was himself the son of a very powerful jahgirdar, Shahaji. 
Shahaji was a brave and resourceful general and had almost 
acquired the position of a king-maker in the chaotic conditions 
of the Deccan Bahamani Sultanates. Shahaji’s political power 
and experience served as a foundation for the independent king- 
dom, which Shivaji later succeeded in establishing. 

Shivaji secured the support and loyalty of the class of 
deshmukhs and punished only a few individual deshmukhs, who 
opposed his authority. (It is true that a few deshmukhs became 
rapacious, exceeding their legitimate traditional status and 
function. Shivaji punished the excesses in such marginal cases.) 
There is no evidence to show that Shivaji had any intention of 
abolishing the class of deshmukhs. In fact, just as no emperor, 
king or jagirdar in Indian history had created this class, none ever 
planned to abolish it . 7 

It is to Shivaji’s credit that he tried to fix the land-revenue 
assessment, on a village, on the basis of actual classification and 
measurement of cultivated land. This was, however, not a 
revolutionary measure, and was only an administrative action, on 

7 D. K. Bedekar, Samyukta Maharashtra (Marathi), Chitrashala Press, 
Poona, 1947, pp. 136-176. 


the lines of similar actions taken earlier by Todarmal and 
Malikambar. Dadoji Kondadev whom Shahaji had appointed at 
Poona as the elderly adviser to young Shivaji, was following his 
predecessors, in introducing these revenue reforms, which later 
Shivaji continued in his jagir. 

Arising out of the above, one may justifiably say that Shivaji’s 
successful revolt against the Mughal emperor was the achieve- 
ment of a military and administrative genius ; it is, moreover, 
the success of a man of high character and courage. But, in 
terms of class-situation, he was born in and belonged to the 
nobility ( jagirdar class) and led the deshmukhs and peasants of 
Maharashtra, as their natural leader, against a non-indigenous 
ruler. He did not visualize, attempt or achieve any changes in 
the relation of the classes or changes in property-relations in 
land. 

Shivaji did not create anew any system of non-hereditary 
bureaucracy The Mughals, and even the earlier Hindu kings 
and emperors, had their own bureaucracies. The rulers, Mughals 
as well as Hindus, selected men of ability for posts in the civil 
and military services, often irrespective of their caste status and 
religious creed. Usually, however, a ruler used to favour persons 
belonging to his own racial or religious group, and used to confer 
favour on others out of necessity and diplomatic considerations. 
Shivaji followed the same pattern. He also gave inams, which 
are merit awards like jagirs. The jagirs are large-scale grants 
of land-revenue claims over a sizeable area, while inams are 
grants of such claims over a very small area. In theory, both 
are only shares in the claim of the donor ruler, and both do 
not amount to title in lands. 

Here it will be pertinent to answer the question whether the 
Muslim rulers in India accepted the ownership of peasants in 
land. Did they claim for themselves or for their jagirdars title 
to land in their domains ? The answer is firmly in the negative. 
Dr. Kureshi has shown from evidence of Muslim law, Aine 
Akabari and from a farman issued by Aurangazeb, that Muslim 
rulers explicitly recognised the peasants’ title to land. The 
European concept and practice of landlordism was unknown to 
them. 

A word about the army that Shivaji commanded. There was 
a difference between the morale and temper of the Mughal army 
and that of Shivaji’s army. The latter was rooted in the land 
and in the people of Maharashtra. But, that is not the same 
thing as a peasant army. Can the peasant guerillas harassing 
the army of Napoleon retreating from Moscow be called detach- 
ments of a peasant revolutionary army? But, their heroic 
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guerilla action was possible only because of their rural base. 
Almost the same may be said of the army of Shivaji and also of 
the guerilla fighting for twenty years after the execution of 
Sambhaji, son of Shivaji. These guerillas were acting heroically 
with a sense of loyalty to the king and his royal House. 

Now, let us take the thesis presented by those who consider 
that Shivaji was trying firstly, to establish an independent Hindu 
Kingdom in Maharashtra, and secondly, to create a basis for the 
establishment of a Hindu Imperial rule over India. 

The thesis has to be rejected for two reasons : 

(a) The weakening of the Mughal empire after Aurangazeb 
departed from his earlier tolerant policies, revealed the dangers 
of an intolerant and bigoted attitude on the part of a king, more 
so on the part of an emperor. Shivaji was fully conscious of 
this danger and of the instability of a bigoted Hindu or Muslim 
rule. In his letter to Aurangazeb, Shivaji offers to co-operate 
with him, if he were to accept and act upon the secular tolerant 
policies laid down by Akbar. 

(b) For a number of socio-cultural reasons, 8 [e.g. the absence 
of a powerful centralized Hindu (or Muslim) religious authority 
and organization, comparable to the Catholic Church in Europe] 
the Imperial or regional rulers, in India, did not envisage a 
theocratic monarchical state. The Indian State had to remain 
non-theocratic and tolerant. Shivaji was a deeply religious 
person, but as a king he followed this tradition of religious 
tolerance. In fact, his superiority over Aurangazeb, in this 
matter, shows how Shivaji had a more comprehensive insight 
mto contemporary Indian political events and also in political 
traditions of this continent. 

• S ! ia ! 1 now take up the views of Justice Ranade, who 
initiated the evaluation of the achievements of Shivaji. 

Ranade’s thesis could have an objective basis in the fact that 
Maharashtra (as constituted today in the State of Maharashtra) 
has certain common ecological and cultural factors, e.g. Deccan 
black soils, jowar as main food crop and Marathi as the common 
spoken language. But, these and other factors involved in social 
religious and political history of the region, only warrant an 
assumption that a consciousness of nationality (or unity) existed 
only potentially , 9 To assume that this mere possibility was 
turned into an actuality by Shivaji is to take a big step, and 

fir? in East and West ’ in s «ence of Science, 
and Mackay > Souvenir Press, London 1964 
»On this issue, vide article by Ellen E. McDonald, “The ’Growth of 
1 Consci °™s in Maharashtra”, Indian Economic and Social 
History Review, Vol. V, No. 3, September 1968, pp. 222-43. 


such a step needs objective justification. One cannot here go 
into detailed arguments and evidence, but the present author 
thinks that Ranade’s thesis, in this respect, cannot be held to be 
valid. Despite all the factors which might have contributed to 
the emergence of a regional (Maharashtrian) consciousness, or 
the sense of a “common purpose” which Ranade assumes 
“animated the Marathas” 10 under Shivaji’s leadership, one feels 
that such an emergence did not take place, — it remained only 
a potentiality as it did for centuries prior to Shivaji. 

One simple argument, to refute Ranade’s thesis, may be stated 
here. Almost all Maratha scholars, including Ranade himself 
and those who carried on research after him, accept that soon 
after Shivaji’s death (1680) the Maratha power expanded in 
territory and strength, but lost the sense of “common purpose”. 
By the end of the eighteenth century, Maratha power had 
extended vastly northward and eastward, but it was devoid of 
any cohesion and conscious regional or nationalistic purpose. 
These scholars are forced to put forward the hypothesis that 
Shivaji alone had achieved a miracle, which faded away soon 
after his death. This hypothesis raises Shivaji’s image to a 
superhuman stature. 

It will be only right to acknowledge the genius of Shivaji, as 
a leader of exceptional courage, insight and exemplary character ; 
but it would be wrong to build up an interpretation of history 
in which “national consciousness” emerges and fades away like 
a mirage. 

In conclusion, it may be stated that the three interpretations 
discussed above cannot be validated on the basis of concrete 
historical evidence. In paragraph 3, we had given an outline 
of a “total picture” of Shivaji’s achievements. One can further 
explain the remarks there thus : Shivaji belonged by birth and 
achievements to the ruling class of jagirdars. He successfully 
defied the Mughal imperial power and established an independ- 
ent kingdom. As a benevolent ruler and administrator, he won 
the confidence of his people. He was a devout Hindu and was 
tolerant to non-Hindus. This non-bigoted attitude won for him 
the affection of Hindus, and support of Muslims. He did not 
effect any revolutionary or radical reforms in the field of land- 
tenure and maintained the system of deshmukhs who were the 
natural hereditary leaders of village-communities and peasants. 
His army was, like armies in those times, recruited from 
peasants, but was not a peasant revolutionary (guerilla) army. 

Shivaji also could not and did not unite the Maratha people 


10 M. G. Ranade, Rise of the Maratha Power, pp. 16-17. 
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into a nationality. The sense of commonalty, amongst the 
people, remained latent. (It started becoming overt and vocal 
only in the nineteenth century under the leadership of educated 
leaders like Ranade.) 

In the end, one can offer a remark about certain contemporary 
events in Maharashtra. Apart from the activities of the Shiva 
Sena, which essentially has anti-democratic roots and roles to 
play besides deification of Shivaji, we have other phenomena 
which go to show that Shivaji’s historical image is blurred and 
a cult-image is projected. A cult-image is essentially reactionary 
and prevents people from comprehending the material and 
spiritual content of a historical situation or of the achievements 
of a person like Shivaji. Whenever objective history remains 
weak it is substituted by cult-history and sinister myths like the 
‘Nordic myth’. The situation in our academic historical studies 
points to the danger of cult-histories emerging everywhere. The 
remedy is serious study of history in its social, economic 
and religious dimensions, obviating lopsided and one-sided 
interpretations. 
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6 Geography 

behind History: 

An Introduction to 
the Socio-Economic 
Study of 
Northeast India* 


i 

Introduction 

Economic history essentially relates to the human factor which 
widely varies from people to people and from time to time. Yet 
an enquiry into the physical environment — location, rainfall, 
relief, soils, mineral resources, natural vegetation and all that — 
is not altogether a fruitless exercise for its purposes, since the 
material culture is a product of man’s action upon nature. Such 
an enquiry may at least enable us to arrive at some tentative 
statements about a country’s past ; particularly so, when relevant 
information from usual sources are either altogether missing or 
inadequate. 

Fringed on three sides and intersected in the middle by high 
mountain ranges, the north-east region of India has never been 
entirely cut off from the currents of historical change. In the valley 
of the Brahmaputra, the same civilization as that of the Indo- 
Gangetic plains took root in very ancient times. It was occa- 
sionally even enriched by direct or vicarious culture contacts 
with the Chinese civilization. Pelliot has shown that from at 
least the 2nd century b.c., there was a regular trade-route between 

* North-east India, for purposes of this paper, includes North-East 
Frontier Agency, Assam, Nagaland, Meghalaya, Mizoram, Manipur and 
Tripura. However, the main focus is on the Brahmaputra Valley. The 
proportion of hilly areas in North-east India is more than 70 per cent 
of the total area. The total population of this region, as per 1971 Census, 
is 19,572,296 persons. This constitutes 3.6 per cent of the country’s' 
population. 87 



eastern India and China through Upper Burma and Yunnan, 1 
The difficulties of a hilly and swampy terrain and the conse- 
quent relative isolation from the rest of the changing world 
could not stop culture contacts. The knowledge of agriculture 
and the smelting and working of iron and other metals had 
reached Assam long before the Gupta Age. So numerous and 
extensive are the traces of former excavations for iron ores in 
the Khasi-Jaintia Hills that, early in the 19th century, Lt. Yule 
guessed them to have had occupied the population for some 
twenty centuries. 2 The Austric-speaking matriarchal Khasis, 
originally representing a stone-shouldered hoe-culture, are be- 
lieved to have entered northeast India from West China. Their 
migration is believed to have had taken place around 1000-500 b.c. 3 
Their metallurgical knowledge appears, however, to be a later 
development. The fundamental change from stone-age hunting 
and food-gathering techniques to early iron age civilization in 
northeast India skipped the stage of copper and bronze. 

However, because of inhibiting geographic and ethnic factors, 
the spread of the use of iron and iron-tipped plough in north- 
east India was somewhat halting, limited and uneven. Till this 
day it is the fire-farming ( jhum ) and the associated hoe-cultiva- 
tion that dominates the hill area. In the plains, too, various 
forms of land-intensive shifting cultivation stubbornly persist 
here and there even after the substitution of the hoe by the 
plough many centuries back. This phenomenon cannot be ade- 
quately explained without reference to the relevant geo-physical 
factors and ethnology. 

Notice of the Kingdom of Kamarupa in our epics and puranas, 
rock inscriptions going as far back as the fifth century, subsequent 
epigraphic and archaeological ruins found in the region, and 
above all, the predominance of Sanskrit-based languages in the 
plains — all these undoubtedly prove an early beginning of the 
process of Sanskritization in this region. Suniti Kumar Chatter jee 
argues that the ‘Aryanization’ of the ruling classes in the western 
part of the Assamese-Bengali area (i.e., Kamarupa) was com- 
pleted as early as circa a.d. 400. According to him, the Brahma- 
putra valley definitely appears to have become a part of Aryan- 


1 Bulletin de I’Ecole Francaise de’Extreme Orient , (1904), pp. 142 if. 

2 Lt. Yule, “Notes on the Iron of the Kasia Hills for the Museum of 
Economic Geology”, Journal of Asiatic Society of Bengal, II (1842), 
p. 853. 

3 The culture of stone-shouldered hoes has been studied by A. H. Dani. 

88 Prehistory and Protohistory of Eastern India, (Calcutta, I960). 



speaking India by a.d. 1200. 4 But this view has to be accepted 
with some reservation. For, even thereafter many tribes of the 
valley continued to maintain their own speech, as well as their 
peculiar modes of cultivation, housing, funeral rites and religious 
beliefs. On the other hand, the Aryan way of life itself was 

4 Suniti Kumar Chatter jee, The Place of Assam in the History and 
Civilisation of India, (University of Gauhati, 1955), p. 35. 89 
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permeated— as Yoginitantra (II, 9, 13) of cira 16th century 
points out— with non-Aryan ways of the Kirata (Bodo-Kachari) 
people. 

The census data of 1872 and 1881 reveal that the entire hill 
population of Assam remained non-Hindu and preliterate, and 
only some one-half or so of its indigenous valley people could 
be designated as pure or recently-Hinduised tribes. Hence, one 
may presume that the bulk of the medieval population of north- 
east India escaped Sanskritization despite their Hinduised ruling 
families. The greater part of this region remained independent 
°f though not detached from — the successive Indian empires of 
the past. This political isolation that was progressively abridged 
only after 1826 is yet another factor of influence in the region’s 
economic history. 

In the following sections, an attempt will be made to gauge 
the impact of both geographic and ethnic factors on the region’s 
medieval material culture, with particular reference to Assam. 


II 

The Economy of the Hill Region 

The Himalayan and the Assam Ranges (nearly 90,000 sq. miles), 
surrounding the Brahmaputra basin on its three sides, are peopled 
by various tribes speaking Tibeto-Burman languages. The only 
exception to this are the matriarchal Khasi-Jaintia people who 
speak an Austric language. None of these languages had a 
written form until the coming of the Christian missionaries in 
the field. The people of Western Kameng of NEFA, however, 
had some two centuries ago adopted Tibetan as their written 
language. 

The rice economy of the hill region, supplemented by food- 
gathering, hunting and fishing, was never self-sufficient. But the 
hills produced, amongst other things, cotton, long pepper, vege- 
tables and in some areas, oranges ( sumthira ). These together 
with rock salt, iron and wild forest products were, from times 
immemorial, bartered for the surplus rice, dried fish, silk and 
cotton piece-goods of the plains. Hill people used to come down 
to the plains every winter for their barter trade or marauding 
raids. Some of them even settled down on the banks of the 
hill streams in the foothills plains for an easier living. They thus 
served as a link in the channel of communications between the 
plains and the hills. This plains-hills continuum through suc- 


cessive waves of migration from hills to plains retarded the tempo 
of Sanskritization in the Brahmaputra Valley, despite its very 
early start. 

Jhuming, as a form of cultivation, dominates the hill economy. 
Under this form, selected forest plots on hill slopes are cleared 
by slashing down and burning the jungles. These plots are 
cultivated continuously for some three years or so, and sub- 
sequently left fallow for several years. Cultivation involves 
hardly any tilling. Seeds are simply sown broadcast on the 
ashes, or are dibbled into holes with a digging-stick or a hoe — 
the practice varying from place to place and from tribe to tribe. 
The sowing may me done for mixed crops on the same plot or 
for crops grown separately on different plots. The practice again 
varies according to the local custom. Jhuming is thus multi- 
form. It involves the full and continuous utilization of a plot 
of land to the point of exhaustion. 

The shifting cultivator has an understanding of his environment. 
He knows what crops grow best on what soils. He knows how 
many successive crops he can raise from a given plot and how 
many years of rest it requires thereafter. His indices of restored 
fertility are the vegetational phases that follow the cultivation. 
The jhum system requires, in the long run, ten to fifteen times 
more land to maintain a family than the wet cultivation on per- 
manent fields. But over an year, even half-an-acre of virgin land 
under mixed crops might suffice for a nuclear family of five, 
allowing for the exchange of the surplus cotton for rice and taking 
into consideration the free jungle products. 5 

Shifting cultivation should be taken more as a concession to 
conditions of land-abundance and the character of the soils than 
as a ‘device of barbarism’. Moreover, animal-drawn ploughs are 
unsuitable for hilly tracts. In Western Kameng of NEFA as in 
Bhutan, the plough was introduced early, under the Tibetan 
influence, even on high altitudes. The plough used in Bhutan 
in the 19th century was found even superior to that commonly 
used in Assam and Bengal. “The plough in use is not unlike 
the Bengalee plough,” wrote Ashley Eden, “but the pole con- 
necting the plough and the yoke, instead of being straight is 

5 See the tabulated estimate by B. H. Hodgson for a Bodo peasant 
family of a submontane region in his paper in Journal of the Asiatic 
Society of Bengal, XVIII (1849), p. 740. 

Due to an increasing population, the ihum cycle tends to shorten 
over time. Thus, it is, at present, of around 5 years’ duration in the 
Garo Hills, 4 years’ in the Khasi Hills, 5 years’ in the Mizo Hills and 
10 years’ in the Mikir Hills. Obviously the shorter the period the less 
is the productivity. ’ 
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curved ; an angle is thus procured which sends the share a good 
depth into the ground.” 8 But the primitive all-wood plough used 
by the Buddhist Sherdukpen tribe of Western Kameng in NEFA 
is very light and fit only for the soft soil. The plough is not 
unknown to the other Monpa tribes of Western Kameng as well. 
But the Apatanis who carry on transplanted paddy cultivation 
on wet and permanent fields of the Rupa Valley in NEFA, on 
the other hand, do so only with hoes, and not the plough. In 
Meghalaya, the plough cultivation was practised around 1824 6 7 8 
only in certain parts of the Jaintia Hills. But bulls, and not 
bullocks, were yoked for this purpose. Barring these few excep- 
tions, the absence of ploughs has been a general feature of the 
hill economy as such. 

Nevertheless, permanent terrace cultivation, i.e., the cultivation 
of narrow, built-in land-strips on hill slopes co-existed with 
jhuming amongst advanced tribes. In this form of cultivation, 
the land-strips are rimmed with mud and stones so that the rain- 
water, or water led into them from neighbouring streams, may 
be retained. Hoeing is carefully done and the terraced fields 
tend to be permanent, hereditary property of the individuals. The 
terrace-cultivation is widely practised by the Apatanis as well 
as the Monpas of NEFA, the Maos and the Tangkhuls of Manipur, 
the Angamis of Nagaland and, in recent times, by the Khasis. 

Of all the hill tribes it is the Khasis whose agriculture has 
been traditionally the most diversified. Jhuming apart, they also 
divide up the bottoms of the valleys into little compartments by 
means of fairly high banks. Water is let in at will by means of 
irrigation channels, sometimes a mile or more in length. P. R. T. 
Gurdon who held the Khasi method of manuring to be “much 
in advance of any system of natural manuring to be seen else- 
where in the Province” described their system of wet rice culti- 
vation as follows : s 

The soil is made up into a thick paste in the Jaintia Hills 
by means of the plough and in the Khasi Hills through the 
agency of the hoe. Droves of cattle also are driven repeatedly 
over the paddy fields until the mud has acquired the right 

6 Quote from Ashley Eden’s Report (1864) in Political Missions to 
Bhutan, (Calcutta, 1865), pp. 122-23. 

1 R. B. Pemberton, The Report of the Eastern Frontier of British 
India, (Calcutta, 1835), p. 220. 

8 Quotes from P. R. T. Gurdon, The Khasis, (London, 1914), pp. 39 
and 40, respectively. 

The only other hill-tribe who are equally manure-conscious are the 
92 Monpas of Western Kameng. 


consistency. The seed is then sown broadcast in the wet mud. 

It is not sown first in a seedling bed and then transplanted, as 

in Assam and Bengal. 

Side by side with agriculture, the Khasis are traditionally used 
also to horticulture and bee-keeping. 

Production of grains has always been deficient in the hill region. 

Hence, the diet had to be supplemented with all kinds of culti- 
vated and wild edible roots and greens as well as by hunting and 
fishing. Any kind of vegetable oil and refined or semi-refined 
sweetening material was generally not in use amongst the hill 
tribes until recent times. Their abhorence to milk and milk 
products — except in certain pockets of Tibetan influence in NEFA 
— persists till this day. However, the breeding of livestock as 
a source of meat supply and for ritual purposes, has been 
important in the hills. Pig-rearing and poultry-keeping are 
common to all tribes. Mithan (bos frontalis ) as a semi-domestic 
animal is present in almost all the hills ; but oxen are found only 
in areas that have close connections with the valley. 

The very simplicity of tribal society hindered specialization of 
economic activities. Nevertheless some tribes — rather some 
villages within tribes — were indeed specialized in weaving, 
pottery, basketry and in trading. The technology was, however, 
much more backward than what prevailed in the valley. For 
example, the potter’s wheel, four-footed hand-loom, oil-press, 
sugar-mill and foot-operated rice-pounder (Dhenki) were not 
known to the hills. Hillmen made little or no use of pack 
animals. They used to carry everything — even the goods for 
barter — on their backs. Baskets, slung over the back and sus- 
pended by a stout strap across the brow, were used for carrying 
goods. Only in Bhutan and Western Kameng, the use of yaks 
and ponies as beasts of burden was as common as the human 
transportation. Water-mills are used in Western Kameng, as 
in Bhutan, for the grinding of wheat (wheat was rare elsewhere 
in the region) . Wooden block-presses for printing religious books 
in their monasteries had been in use since at least the 17th 
century. But these had no impact on the people of the neigh- 
bouring hills and the plains of Assam. The only other tribe u si ng 
water mills were the Khamtis, who migrated from Upper Burma 
into Assam in the late 18th century. 

Extensive forest and wasteland resources made life easy in the 
hills in many respects. Timber, bamboo, reeds, thatching grass 
and canes were free forest products. These were used in the 
construction of houses or in making tools, weapons, canoes, traps, 
stamping blocks and pounding poles, snares, mats, baskets, and 93 
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ropes. There was very little use of iron except for making 
weapons. Nevertheless mining and even the smelting of ores 
were carried on by some tribes. Greater part of the iron pro- 
duction in Khasi-Jaintia Hills was export-oriented. The export 
of iron lump, hoes, arrowheads and even ploughshares from pre- 
British Khasi and Jaintia Hills was estimated at anything between 
20,000 and 50,000 maunds annually. Even so, the Khasis did not 
manufacture or use nails because of a taboo. 9 

The resistance of the tribal society to economic changes need 
not however be exaggerated. Wasteful methods of cultiva- 
tion persist for lack of other simple alternatives within the reach 
of their understanding and economic means. The successful 
introduction and rapid spread of potato as a new crop in the 
Khasi-Jaintia Hills during the years 1830-40 and later in other 
hills may be cited as an example of their capacity to welcome a 
change. The fact that they had already been cultivating a 
similar but inferior kind of tuber explains this success. Maize, 
pineapples and chillies — believed to be a contribution of the New 
World — were firmly established crops in the hill region, already 
before the British arrival. Horticulture of the Khasis had 
attained a high degree of specialization by 1828. In that year, 
their gardens were credited with supplying ‘’almost the whole 
of Bengal” with oranges, 10 besides a quantity of pan leaves and 
tezpat. 

Most of the hill tribes had no historical experience of the state 
organization, as distinguished from their primitive tribal org an - 
izations. The Tibetan administration had penetrated into certain 
pockets of NEFA in the late medieval period. Amongst others, 
only the Khasis and the Bodo-Kacharis appear to have moved 
towards organized statehood, several centuries before the arrival 
of the British on the scene. The petty Khasi village republics of 
the Jaintia Hills managed to form a loose merger in the form 
of a kingdom and extend its authority over some non-tribal areas 
of the plains. The history of this kingdom of Jaintia — where the 
ruling family adopted Hinduism — can be traced as far back as 
the 15th century. It continued its existence till 1835. The Bodo- 
Kachari tribal state, on the other hand, had as its territory not 
only the North Cachar Hills, but also portions of Assam plains 

9 A. J. M. Mills, Report on the Khasia and Jaintia Hills, 1853, (Shillong, 
1901), p. 4. 

W. J. Allen, Report on the Administration of the Cossyah and Jyntiah 
Hill Territory, (Calcutta, 1858). 

Gurdon, n. 8, p. 30. 

10 Letter from G. Lamb, dated Dacca the 30 April 1828 in Foreign 

Secret Proceedings, Government of India, 14 November 1828, No. 3. 


— the narrow valleys of the Kopili, the Jamuna and the Dhansiri 
rivers. It partially retained these tracts to the last despite 
repeated onslaughts of the neighbouring Tai-Ahom Kingdom 
(1228-1826) of the Brahmaputra Valley. Many border tribes of 
NEFA and Nagaland were within the Tai-Ahom sphere of influ- 
ence, but they maintained their autonomous existence through- 
out. The heartland of NEFA, however, was a sort of stateless 
no man’s land between Assam and Tibet. Independent tribes 
therein had trade relations with both. 

Even in medieval tifhes, the difficult hill region was not closed 
to trade. There is evidence of the use of regular caravan routes 
through Bhutan and NEFA by pilgrims and traders of Tibet and 
India, from the 13th century onwards or even earlier. Similarly, 
some trade routes between the Brahmaputra Valley and Yunn an 
in China passed through the hill region. Because of difficult 
navigation on the Brahmaputra (to be explained below) , the 130- 
mile land route passing through the Jaintia Hills — from the 
ancient mart of Sylhet (now in Bangladesh) to Raha in the 
Assam plains — was also important during the medieval times. 
Jaintiapur (now in Bangladesh), the foothills capital of the State 
of Jaintia, served as a great entrepot for barter trade in cotton, 
iron, wax, ivory, betel leaves and cloth for salt, tobacco, rice 
and goats from Bengal in early 19th century. 11 Hence trading 
had already become an important economic activity for the 
Khasis, even in pre-British times. 12 As early as the 18th century 
cotton of the Garo Hills found its way to Bengal, on a consider- 
able scale, through a chan of foothills markets and fairs. Garo 
traders used to procure Bengal salt and sold it in the foothills 
marts of the Brahmaputra Valley. 

With the mode of cultivation described above, the hill economy 
could hardly have supported any sizable population. Even 
amongst the most advanced tribes, the density of population 
could not have been presumably more than some 20 or so per 
square mile. Realistic conjectures can be made on the basis of 
the earliest available census figures which predate any appre- 
ciable demographic impact of the British rule in the region. This 
is done in Table 1. 

11 ffiid., Pemberton, n. 7, pp. 75, 214 and 219. Sylhet (Srihatta) is 
mentioned in a copper-plate as early as the 11th century (Bhatera 
Grant) . 

12 “Wilson’s Account of the Burmese War” in Pemberton, n. 7, p. 219. 
In 1824, the majority of the people in many petty states of the Khasi- 
Jaintia Hills were found to depend for their livelihood on trading 
activities. 


TABLE 1 

Population of the Hill Region : Northeast India 


District 

1881 

1891 

Density per 
sq. mile 
(1881) 

Assam : 

Khasi-Jaintia Hills 

167,804 

197,904 

28 

Garo Hills 

109,548 

121,570 

35 

North Cachar and ) 

24,433 


12 

Mikir Hills j 

77,765 


? 

Mizo Hills (Mizoram) 

n. a. 

43,634 

(Less than 11) 

Other Areas : 

NEFA 

n. a. 

n. a. 

(Less than 10) 

Manipur 

221,070* 

n. a. 

67 

Tripura 

95,635* 

137,442 

23 

Naga Hills 

96,480 

97,556 

31 


Source : Census Reports. 

* In Manipur three-fifth of the population lived in the 700 sq. mile 
central valley ; the actual hill people numbered only 85,288. In Tripura, 
the hill tribals (50,000 approx.) constituted slightly more than 52 per 
cent of the population. Majority of the remaining 48 per cent were of 
migrant origin, and were living on the plains. 

In 1881, the density of population per sq. mile in the Khasi- 
Jaintia Hills and the North Cachar Hills was 28 and 12, respect- 
ively. The average density for the entire hill tract, covered by 
the 1881 census, was 19 per sq. mile. NEFA was brought under 
census operation, for the first time, in 1961. The density of 
population there was hardly 10 per sq. mile in that year. Assum- 
ing a static density of 10 persons per sq. mile for the medieval 
times, the hill region of North East India might have supported 
at the most a population of not more than 0.9 million. The actual 
population apparently was even less than that. 


Ill 

The Economy of the Plains : Three Belts 

The Brahmaputra Valley (22,000 sq. miles) is an alluvial plain, 
about 450 miles in length from east to west and with an average 
breadth of about 50 miles from north to south. The valley is thus 
shut in on every side except on the west. However, a number 


of narrow passes across the hills have facilitated trade and 
migration from times immemorial. For example, Tabaqat-i- 
Nasiri — a 13th-century historical work in Persian — was aware of 
India’s trade with Tibet passing through as many as 35 such 
passes lying between Tibet and Kamarupa. 13 The 311-mile trade 
route from Udalguri in Assam plains to Lhasa via Tawang re- 
mained important throughout the 19th century. 

The valley is criss-crossed with a large number of tributaries 
of the Brahmaputra. The greater of the northern streams are 
snow-fed. Those from the south — except the Dihing — depend 
exclusively on the annual rains for their volume. They shrink — 
some even dry up — during the winter. These tributaries, there- 
fore, offer navigation facilities only on a limited scale. Many 
of them — and the upper courses of all of them — are generally not 
navigable except for dug-out canoes in the dry season. On the 
other hand, *the navigation of the Brahmaputra in the rainy 
season, though favoured with westerly winds, is extremely 
hazardous, uncertain and dangerous for any boats, other than 
canoes. This is because of crashing banks, floating trees and 
difficult tracking along the jungle-covered banks. This explains 
the preponderance of dug-out canoes on Assam waters, as noted 
by several 17th, 18th and early 19th century sources. Canoes are 
generally capable of carrying one to two hundred maunds of 
goods or more. An exceptionally large-sized one ( holong ) could 
carry upto 800 maunds. 

A moderate-sized boat used to take, on an average, four to 
six weeks to go from Dacca to Gauhati. The 450-mile distance 
between Goalpara and Sadiya — the two ends of the Brahmaputra 
Valley — could be made, according to Butler (1847), in 34 days 
by a budgerow of Bengal. “At present the ordinary time taken 
by a country boat of 1,000 maunds’ burden from Calcutta to 
Dibrugarh” wrote Major Vetch in 1853 “is as great as that of a 
voyage round the Cape to London by a sailing-vessel.” 14 These 

13 H. M. Elliot and J. Dowson, ed., History of India as told by Its Own 
Historians, 8 vols., (London, 1866-7), II, p. 311 ff. 

In early 19th century, Pemberton, on his way from Dewangiri to 
Tasgong in Bhutan, met several parties — about 400 persons in all — 
leading their asses laden with salt towards Hajo. At Dewangiri, he had 
found that about 2,000 people from Tibet had assembled for a trading- 
cum-pilgrimage mission to Hajo. “Pemberton’s Report on Bhutan”, in 
'Political Missions to Bhutan, (Calcutta, 1865) p. 77. 

14 Calcutta Review, XXI (July-December 1853), p. 394; Capt. John 
Butler, Sketch of Assam, (London, 1847), p. 15 ; J. M’Cosh, Topography 
of Assam, (Calcutta, 1837), 28. 

Quote from Vetch to Mills, 22 June 1853 in A. J. M. Mills, Report on 
the Province of Assam, (Calcutta, 1854), Appendix C. 

The lofty boats, built with keels and rudders, which plied on the 
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circumstances should not be lost sight of in estimating the 
extent of the river-borne trade in medieval Assam. The total 
length of Assam’s navigable rivers, given by Imperial Gazetteer 
(1885) as 3,711 miles for an area of some 24,000 sq. miles, has to 
be interpreted in the above context. 

Chapari belt 

Topographically, the entire valley may be broadly divided 
length-wise into three belts — each passing through all its six 
districts. In the middle, lie the sandy, alluvial banks of the 
Brahmaputra and the shoals and islands therein. This riverine 
belt known as the chapari area is heavily flooded during the 
rains. Here, cultivation involves annual slash-and-burn of 
the grass and reed jungles before the commencement of plough- 
ing. Crops raised on such lands are highly uncertain because 
of frequent untimely floods. Traditionally, chapari lands used 
to be put under two major crops, early-maturing rice ( ahu ) and 
mustard, sometimes with the advantage of double-cropping. 

There are, on the Brahmaputra, only a few naturally-protected 
locations like the townships of Goalpara, Gauhati, Tezpur, Silghat 
and Biswanath, where there are some scattered hills right on the 
bank itself. Everywhere else the Brahmaputra flows between 
soft, sandy banks and overflows the country for several miles 
during the rains. So, the sandy belt is subject to constant change 
for a breadth of some six miles or so on either side of the river. 
At places, in the district of Goalpara, it may extend even upto 
20 miles from bank to bank. The nature of its frequently- 
shifting channel can be gauged from certain recorded observa- 
tions. Before 1790 the Brahmaputra used to flow down a channel 
—now unimportant— north of the Majuli island. At that time, 
the Dihing used to pass through the former’s present channel. 
Comparing a map of 1790 with one of about 1860, Col. Shakespeare 
further came to the tentative conclusion that the Brahmaputra’s 
course below Gauhati had shifted about 50 miles southwards 
within this period. 15 It is also probable that the Brahmaputra 
and the Lohit rivers were, in the remotel past, flowing much 
closer to the Abor and Mishmi Hills than today. The preponder- 
ance of chapari lands in the Barpeta sub-division of today appears 
to corroborate Shakespeare’s contention. The perganah of 

Ganges between Calcutta and Patna suited the Brahmaputra Only in 
the rainy season, and would not suit its rapid and shallow tributaries. 
Generally, boats on the Brahmaputra used oars, rather than rudders. 
They had no keels — so necessary for sailing. They descended with the 
stream and returned by the track-rope. 

15 L. W. Shakespeare, History of Upper Assam, Upper Burmah and 
North-Eastern Frontier, (London, 1914), pp. 5-6. 


Barpeta is so low that the village sites there were artificially 
raised “and in the rains the whole country presents the appear- 
ance of a vast lake.” 16 Presumably the valley was not free from 
such ravages of the Brahmaputra in medieval times. The spread 
of civilization in the valley was subject to the constant pressure 
of these ravages. 

It is because of this changeful course of the river that the 
chapari belt remained long under shifting cultivation. Till the 
beginning of our century, it was devoid of habitation barring 
isolated pam bastis or temporary settlements of seasonal 
migrants who used to grow mustard, pulses and ahu rice. Pre- 
sumably, medieval villages and towns were not founded close to 
the Brahmaputra, except at the few naturally-protected sites, 
already mentioned above. The early 19th-century administrative 
reports of British Assam note that for a distance of about 200 
miles below Sadiya, there was not a single river-side town or 
important village on the Brahmaputra. 

Rupit belt 

Away from the sandy belt, the alluvium is more consolidated 
and mostly consists of clay. This is the rupit belt which stretches 
on either side of the chapari belt and it includes the most fertile 
strips of the valley. It is there that the low, flat fields of late- 
maturing transplanted paddy, interspersed with slightly-elevated 
permanent village and garden sites as well as occasional mounds 
are concentrated. (The word rupit actually means transplanted 
paddy.) The rainy season floods all these rice fields to the depth 
of a few inches every year. Besides abundant direct rainfall 
(75 to 100 inches) , every year they receive the spill-over of the 
Brahmaputra and its tributaries. However, the former’s fertilizing 
influence should not be exaggerated. What is deposited is mostly 
sand, while the rich silt is carried off to the plains of Bangladesh. 
It is not so with the tributaries which are often tapped for 
gravitational irrigation. The whole rice plain turns into a 
luxuriant greenery that begins to dry up after September, and 
the ground is already hard by late December. 

It was in the rupit belt that the plough-using people had, in 
all probability, their earliest permanent settlements. These low- 
lying flat lands were thickly-forested under natural conditions. 
But the settlers with an abundant supply of iron implements and 
iron-tipped heavy ploughs, could uproot the tree-jungles. How- 
ever, the clayey soil and a rainfall of 75 to 150 inches combined 
to foster thick unmixed forests of sal, nahar, holong and other 

16 E. T. Dalton in Journal of Asiatic Society of Bengal, XX (1851), 
pp. 455-6. 
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gregarious trees in many pockets so that the task must have been 
difficult even for them. Many such tracts in Goalpara, Lakhim- 
pur and Cachar were obviously by passed. People with inferior 
implements preferred as their habitat either the chdpari belt 
(e.g., the Miri tribe who began to come down to the plains in 
the 13th-15th centuries) or the submontane belt (as in the case 
of the Bodo-Kachari tribes). In both cases, the scrubby and 
bushy grass jungles in those belts suited their ‘slash and burn’ 
farming methods. 

Submontane belt (Doodrs and Tarai) 

The submontane belt skirts around the heart of the valley, all 
along the foothills. This belt of undulating, and at places slightly 
elevated, plains is under scrubby forests and high-grass savan- 
nahs. In most places, the belt receives a heavy annual rainfall of 
some 80 to 120 inches. The only exceptions to this are the con- 
tiguous, narrow valleys of the Kopili, the Jamuna and the 
Dhansiri. In these parts, the rainfall approximates 45 to 60 
inches. Numerous hill streams with their shallow and shifting 
channels make artificial irrigation an easy proposition. Bodo- 
Kachari tribes made use of this opportunity in the past, as they 
still do today. 

Weeding is as much difficult in the submontane belt as on 
chapari lands. Weeds grow so fast and require so much efforts 
for their suppression that it is more economic to burn and plant 
fresh virgin plots than continued cultivation of the same old 
plots. Thus, here too a system of shifting cultivation, v/ith or 
without plough, prevailed till recently. Undulating or sloping 
plains allow easy running-off of water. So, the cultivation of 
wet rice here is somewhat limited, and the dry crops tend to 
predominate. Dry lands, however, can be levelled and turned 
into wet rice lands. 

It is this belt and adjacent low hills which, for centuries, 
remained the habitat of the migratory Bodo-Kachari and allied 
people of the Tibeto-Burman linguistic group. Their methods 
of shifting hoe-cultivation were preserved as late as the 19th 
century, as we know from Buchanon-Hamilton (1809-14) , Fisher 
(1833), Hodgson (1847) and Dalton (1872). 17 However, in 

17 B. H. Hodgson, Essay the first on the Kocch, Bodo and Dhimal 
Tribes, (Calcutta, 1847), pp. 47, 154-6 and 180. 

E. T. Dalton, Descriptive Ethnology of Bengal, (Calcutta, 1872, reprint 
1960), p. 81. 

Fisher to Robertson on Dharampur, dated Cachar 12 March 1833, 
Foreign Political Proceedings, 6 June 1833, No. 107 (National Archives). 

Francis Hamilton, An Account of Assam, 1807-14, (S. K. Bhuyan, ed., 
Gauhati, 1940), p. 73. 


Kamrup and Darrang, as a result of closer contacts with the 
settled population, they had adopted both plough cultivation and 
wet sali paddy quite early. But even there they had little 
attachment to their villages as they lacked in orchard cultivation. 

Jenkins (1851) praised them as efficient cultivators, but at the 
same time, noted their unsettled habits. 18 It is not possible to 
say when exactly the transition to plough cultivation took place 
amongst them. There is an oblique reference, in an old Assamese 
chronicle, to the damming of a hill-stream by a cattle-owning 
Bodo-Kachari tribe of the 13th century. 19 This might suggest of 
artificial irrigation as early as that date, but does not positively 
confirm plough cultivation as such. Domestic cattle were prob- 
ably used only as a source of meat and not for drawing ploughs. 

An analogous example may be given from recent times. The 
Meches, a Bodo-Kachari tribe of Jalpaiguri district bordering 
Assam, “go in for artificial irrigation in a surprisng manner, and 
I have noticed their water channels more than a mile long” wrote 
Col. Money, the Deputy Commissioner in 1875. But at the same 
time he pointed out : 

. . . the Meches find the proximity of permanent cultivation 
not to be congenial to their own habits. ... I have of late 
observed that Meches are using ploughs much more freely than 
they used to do, and also that in many places they employ 
Rajbansis to plough for them. 20 

In 1875, then, the Meches were going through a process of learning 
the use of ploughs from their more advanced neighbours, the 
Rajbansis. This happened despite their being experts in artificial 
irrigation. 

People of the rupit belt had also interests in the two other 
belts of apparently waste lands, lying within their reach. They 
collected all sorts of materials for the making of their houses, 
boats, implements, mats and baskets, from these tracts. At 
selected spots on these tracts — often several miles away from their 
settled villages — peasants would erect their temporary clusters 
of huts, known as pdm bastis, to carry on shifting cultivation of 

18 Bengal Revenue Consultations, 31 December 1851, No. 44, Jenkins 
to Board of Revenue, 12 November 1851. 

19 “Banhgariia Burha Gohainar Buranji” in Deodhai Assam Buranji, 

(S. K. Bhuyan, ed., Gauhati, 1962), p. 100. 

A. Guha, “Ahom migration t its impact on rice economy of medieval 
Assam”, Artha Vijnana, IX, 2 (June 1967), pp. 144-5. 

20 Quoted by D. H. E. Sunder’s Settlement Report of 1895 in 

Appendix IV, Census 1951 West Bengal District Handbooks- Jalpaiguri, 
(Calcutta), p. cl XVI. 101 
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mustard, pulses and ahu rice. This type of cultivation was more 
prevalent in the district of Kamrup than elsewhere. The pressure 
of population on the rupit belt of North Kamrup led peasants of 
all categories to resort to this practice, irrespective of their tribe 
and caste. Butler has described how this form of agriculture as 
practised in Barpeta Sub-division of Kamrup in 1847, differed 
very little from what is known as jhuming, except for the use 
of plough. 21 During the early years of British administration, 
individual holdings for shifting cultivation on the common waste 
lands could not be settled otherwise than on annual leases, 
despite the authorities’ bias for permanent or periodic rights in 
soil. Today one misses the scene of firing grass jungles as des- 
cribed by Butler, because the settled areas in the chapari belt 
of Barpeta Sub-division underwent a 700 per cent increase during 
the years 1911-30, as a result of large-scale immigration from East 
Bengal. 22 

Side by side, there also existed intensive cultivation of wet 
paddy and manured garden crops in Lower Assam even prior 
to the 13th century. The mass of agricultural knowledge codified 
into the “Sayings of Daka”, is a common oral tradition, shared 
between Lower Assam and Bengal and certainly pre-dates the 
Tai-Ahoms. 23 

In the diet of the valley people, rice played a more important 
role than in the hills. Wheat was rare. A wide variety of edible 
greens, milk and fish and meat when available, supplemented the 
rice diet. Apart from expensive rock-salt and Bengal salt, an 
alkali substitute was also universally prepared from the ash of 
burnt water-herbs and barks of plaintain trees. Vegetable oil of 
any kind, hardly used by the hill tribals, was used in scant 
quantities in the plains. Bullock-drawn oil-presses and oilmen’s 
castes were rare. Oil from mustard seeds used to be extracted 
in every house with the help of a short stone-loaded beam. 
Cultivation of sugarcane and manufacture of gur, though wide- 
spread, was more concentrated in the districts of Kamrup, 
Sibsagar and Lakhimpur. At the beginning of this century the 
districts of Sibsagar and Lakhimpur, between them, were grow- 
ing 62 per cent of the total sugarcane production of the Brahma- 
putra valley. 24 

21 Butler, n. 14, pp. 21-3 ; Guha, n. 19, p. 138. 

22 Report of the Assam Banking Enquiry Committee, 1929-30, I (Shil- 
long, 1930), p. 23. 

23 According to Daka, the larger the number of dykes or ridges thrown 
across the field, the better will be the Sali crop. 

24 An Account of the Province of Assam and its Administration, 1901-2 
(Shillong, 1903), Table on p. 23. 
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The Economy of the Plains : Another Look 

The Brahmaputra valley, from another angle, may be divided 
into two sub-regions — Upper Assam and Lower Assam. 25 His- 
torically, these two sub-regions had undergone dissimilar con- 
ditions. Western part of Lower Assam was never under the 
political control of the Tai-Ahoms. It constituted a part of the 
Mughal territory since the 17th century ; and after 1765, of British 
India. The remaining parts of Lower Assam, i.e., Kamrup and 
Mangaldai, were under direct or indirect rule of the Mughals, for 
several decades in the 17th century. It was in low Assam and 
North Bengal that the Koch (Rajbansi) tribe — most probably of 
Bodo-Kachari origin — established their rule at the start of the 
16th century. The Koch power was at its height, when in 1562 
the Tai-Ahom capital at Garhgaon was sacked by its army. 
Thereafter it was gradually encroached upon from the west by 
the Mughals and from the east by the Tai-Ahoms. As common 
heirs to the ancient Kamarupa, North Bengal and Lower Assam 
shared not only a common history, but also a common spoken 
language through the medieval times. 

Lower Assam merges into the flora of the Upper Gangetic 
plains, while Upper Assam is dominated by South-East Asian 
flora. The differences in the natural vegetation as well as in the 
ethnic composition of these two sub-regions have become some- 
what blurred through centuries of intermingling. They were 
presumably more pronounced in the past than in the present day. 
Households in Upper Assam chiefly produce sali rice, but also 
such crops as sugarcane, pulse, oilseeds and dry (ahu) rice. Tea 
jungles used to grow there in wild state before 1840. Pre-monsoon 
rainfall of 10 to 15 inches and monsoon rainfall of 50 to 70 inches 
are ideal for rice ; hence it is abundantly grown all over Assam, 
as in Tripura and Manipur. In Lower Assam, both wet and dry 
rice, mustard, sugarcane and pulses grow. Potato and tea were 
introduced during the early British period. Jute, which is now 
important as a commercial crop, was — like indigenous rhea 
(' Urtica nivea Linn.) — a marginal garden produce in pre-British 
days. Poppy cultivation, unknown earlier, attained its ruinous 
importance only during the years 1770-1860. Its cultivation was 
prohibited thereafter. The early arrival of tobacco in Assam — 
the Portuguese brought, it to India in 1508 — is to be noted. A 

_ 25 The districts of Goalpara and Kamrup together with the sub- 
division of Mangaldai constitute what is called Lower Assam. The rest 
of the valley is known as Upper Assam. 
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local chronicle of the 17th century mentions the purchase of 
tobacco leaves ( dhwapat ) near Singri in Central Assam by a 
Bengal merchant in violation of the ban on the entry of foreign 
traders into the Tai-Ahom territory. His boats were confiscated 
and the tobacco leaves — (but not the mustard seeds and pulses 
purchased) — were forwarded to the capital for royal perusal. 
This decision to send only the tobacco leaves to the exclusion 
of the other confiscated goods, suggests its being a curio in Upper 
Assam in early 17th century. 26 Both Welsh (1794) and Robinson 
(1841) later mentioned the existence of tobacco cultivation all 
over Assam. 27 Throughout the medieval times, areca nuts, pepper 
and cotton were important items of cultivation. Cultivation of 
indigo on a limited scale is traceable from the 18th century. 
Fishing communities cultivated rhea ( Kankhura ) as source of 
fibre for making their fishing nets and ropes. 

Cachar Plains 

The Cachar plains with approximately 2,680 sq. miles in area 
are alluvial level stretches except where broken up by isolated 
hillocks and low ranges of hills which project from the sur- 
rounding mountains. The chief river is the Barak which is from 
100 to 200 yards in width and in places over 70 feet deep. It is 
liable to overflow its banks during the monsoons, but does not 
shift its course. Consequently, there are no chapari lands in 
Cachar plains. The annual rainfall averages to 130 inches or so, 
with liability to floods from June to October. Despite some dif- 
ferences in land formation and climate, the Cachar plains closely 
follow the broad pattern of the Upper Brahmaputra valley. 
Cachar remained thickly-forested until it attracted considerable 
migration from Assam and Sylhet plains during the 18th century. 
Ivory, wax, cane, bamboo and timber were the exports from 
Cachar to Bengal. 28 

In fact vast tracts of land must have remained waste in the 


26 George Watt, The Commercial Products of India, (London, 1908), 
p. 796 and 

“Banhgariia Burhd Gohainar Buranji”, n. 19, p. 110. 

27 Report by Welsh dated 24 February 1974, Foreign Political Pro- 
ceedings, No. 13 A (National Archives). 

William Robinson, A Descriptive Account of Assam, (Calcutta/London, 
1841), pp. 65-84. 

A. Guha, “Colonisation of Assam : years Of transitional crisis (1825- 
40)”, The Indian Economic and Social History Review, V, 2 (June 1968), 
pp. 125-6. 

28 Letter from Raja of Cachar received at Calcutta on 29th July 1797, 
S. N. Sen, ed., Prachin Bangala Patra Sankalan (Calcutta University, 
1942), p. 75. 


Brahmaputra valley throughout the medieval times. The 13th 
century Tai-Ahom conqueror is reported to have noted that “the 
country around Dihing was uncultivated and wild.” 29 Shiha- 
buddin Talish, the author of Fathiyya-i-ihriyya, (1662), also 
observed that there was a greater tract of uncultivated lands in 
the south of the Brahmaputra than in its north. 30 Obviously, 
by north he meant North Kamrup and adjoining areas through 
which the Mughal army had passed. In fact, the trans-Dihing 
forests continued in existence down to the early years of British 
rule. But, at that time, Assam’s population was at its lowest 
level (less than a million) , and forests and wastelands in every 
district outstripped cultivation. Some relevant available data 
consisting of an estimated percentage of the total area under 
cultivation in 1874-75, density of population per square mile in 
1872 and estimated number of persons maintained per square mile 
of cultivation, as of 1853, for each district, are given vide Table 2. 


TABLE 2 


District 

% of area 
under 
cultivation 
(1874-5) 

Density per 
sq. mile of 
total area 
(1872) 

No. of persons 
per sq. mile 
of culti- 
vated area 
(1853) 

Goalpara 

50 

98 

209 

Cachar 

20 

99 

? 

Kamrup 

19.9 

146 

690 

Sibsagar 

17.5 

102 

623 

Nowgong 

10.3 

79 

874 

Darrang 

9.5 

69 

535 

Lakhimpur 

4.2 

29 

637 


Sources : 1. Administrative Report, Assam, 1874-75. 2. Census of India, 
Assam Report, 1901, p. 10. 3. “Statistics of Assam — July 
1853” in Capt. John Butler, Travels and Adventures in the 
Province of Assam, (London, 1854), p. 268. 

Note : The data related to cultivation are not above doubts. 

However, in the mid-17th century, the agriculture of Assam 
appeared to be in far more flourishing conditions, with a consider- 
ably lesser area being occupied by forests and wastelands. 

28 Quote from J. P. Wade, comp., An Account of Assam, (compiled 
1794-1800 ; Benudhar Sharma, ed., North Lakhimpur, 1927), p. 17. 

30 Jadunath Sarkar, trans. extract from Fathiyya-i-ihriyya in Journal 
of the Bihar and Orissa Research Society, I, pp. 179-94. 
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Nevertheless, large-scale fluctuations from time to time in 
cultivated area within each district must have been a general 
feature also in the past, because of frequent ravages of rivers, 
warfare and consequent population movements. 

What could be the population of Assam plains at the height of 
its prosperity during the first half of the 18th century ? One can 
only conjecture. Gunabhiram Barua’s estimate of 2.4 million 
around 1750 appears to be probable. 31 The population came 
down to less than one million by 1830, because of the civil wars 
(1770-1810) and the Burmese invasion (1819-25), and also because 
of the ruinous effects of opium on the people. It was restored to 
its former size only by the 1870s, partly through natural growth 
and partly through immigration. 


V 

The Composition of Population : Brahmaputra Valley 

The traditional pattern of population distribution was con- 
siderably affected by large-scale immigration since 1901. On the 
other hand, the first census of 1872 was imperfect and incomplete 
in many respects. Hence, an attempt will be made to comprehend 
the ethnic and caste composition of the medieval population, on 
the basis of the census data of 1881. 

The Brahmaputra valley had a population of 2,249,185 persons 
in 1881. Of this, an estimated 3 lakhs were of recent immigrant 
origin or immigrants themselves. The rest were indigenous of 
Assam. Muslims (208,431) constituted 9.3 per cent of the whole 
valley population, but a quarter of the. population of Goalpara 
district. The population strength of important plains tribes and 
Hindu castes are given in Table 3. A scrutiny of the table sug- 
gests that almost one-half of the indigenous valley population 
was comprised of non-Hindu and such tribes as had been con- 
verted into Hindus within the preceding two centuries or so. 

The Kalitas, more than half of whom were concentrated in 
Kamrup, numbered 241,589 in 1881. They are regarded as a high 
caste and ranked next to the Brahmins (68,784), Daivagnas 
(17,390) and Kayasthas. They are an agricultural community 
who are generally believed to have entered into Assam from the 
west. According to Dalton, they were the remnant of the 
earliest Aryan colonists of Assam. Whatever be their racial 

31 S. K. Bhuyan, Anglo-Assamese Relations, 1771-1826, (Gauhati, 
1949), p. 1. 


TABLE 3 

Population of Major Castes and Tribes : Brahmaputra 
Valley (1881) 

(Total Population of the Valley = 2,249,185 persons) 


I Bodo-Kachari Tribes uninfluenced by Hinduism 


Kachari 265,418 

Mech 57,885 

Lalung 46,077 

Hajong 3,689 

Garo (plains) 23,373 


II 


Bodo-Kachari Tribes in the process of conversion 


Rabha 

56,285 

Modhahi 

13,149 

Mahalia 

6,198 

Sarania 

4,718 

Totila 

2,539 


III Castes formed of converted Bodo-Kacharis and allied tribes 


Borahi 
Moran 

Chutiya 
Koch or 
Rajbangshi 

Total Bodo-Kachari Elements 
IV Miri Tribe 


(extinct) 

(not reported ; 
almost extinct) 

59,163 

336,739 


V Hindu Castes 


Kalita 

Ahom (Tai-Ahom) 
Kaivarta 
Dom (Nadial) 
Katani and Jugi 
Brahmin 

Ganak (Daivagna) 


VI Muslim 


241,589 

179,283 

105,317 

96,779 

81,931 

68,784 

17,390 


875,233 

25,636 


791,073 

208^431 


Source : Assam Census Report, 1881, pp. 22-34 and pp. 63-102. 


origin, they appear to have always been associated with plough 
cultivation, so far as knowledge goes. The Kalita caste has some 
functional sub-divisions within itself. In Kamrup, these func- 
tional sub-divisions — Mali (gardener) , Kamar (blacksmith) , 
Tanti (weaver), Sonari (goldsmith), Kumar (potter), Napit 
(barber) and Nat (dancer-acrobat), etc., together grouped as 
Sarukalita, are said to be debarred from the privilege of close 
intercourse with the Barkalitas (high Kalitas). In Sibsagar, a 
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section of the Kalitas are functionally Naotalia (boat-makers) , 32 
In practice,, the functional sub-divisions had never been very 
rigid. Here, incidentally, it may be noted that the Kalita-Kumars 
have been associated with the use of the potter’s wheel, while 
the pfctters of the Hira caste did not know the use of it at any 
time. The Hiras do not use any furnace, but burn their pots 
on the open surface. Hira women fashion the pots, while their 
menfolk bring the clay and sell the products. 

The Koches or Rajbangsis (336,739) were originally a tribe of 
North Bengal and the district of Goalpara. They were given a 
Hindu caste status by the 16th century. Later, in adjoining 
Assam Proper, this caste status was thrown open to all new 
converts to Hinduism from various tribes. To become a Koch 
meant much more than mere religious conversion. It meant the 
adoption of plough in place of the hoe, of mud-plinth dwelling 
in place of pile-house dwelling and of cremation of the dead 
instead of burial. It also meant the gradual abandonment of 
pig-rearing, abstinence from liquor and the adoption of a 
Sanskrit-based neighbouring language in preference to their own 
tribal tongue. The conversion had some indirect economic impact 
as well. Absence of pigs around one’s homestead proved beneficial 
for garden-culture, which again encouraged settled habits. But 
the growing prejudice against rice-beer was perhaps one of the 
indirect contributory causes of the Assamese lust for opium in 
a later period. A tribal could progressively realise the caste 
status of a Koch through stages. “We do know for certain,” wrote 
E. P. Stack “that a process of this kind goes on among the con- 
verted Bodo, who first become Sarania, Madhahi or Totila, and 
then develop into Koch.” 33 It has been noted that in North 
Bengal and the adjoining Goalpara district of Assam, an entire 
tribe was transformed into the new Hindu caste of Koch. Now, 
as this status was thrown open to all neo-converts, the former 
preferred to be called Rajbangsis, instead of Koch. 

Of the Koch who retain their proper names, three divisions 
are recognised in Goalpara, Kamrup and Eastern Darrang. These 
are : 

1. Kamtali who abstain both from liquor and pork ; 

2. Haramia who abstain from liquor only ; 

3. Modhahi who are Hindus but take liquor. 

32 Assam Census Report, 1901, p. 133. 

The attempted distinction between Barkalita and Sarukalita has never 
been observed strictly. Today, in any case, all the Kalitas together 
constitute an endogamous group ; most probably, it was so also in earlier 
times, the tendency of fission being a passing phase. 

38 Quote from Assam Census Report, 1881, Chap. VI, p. 86. 


The process of the promotion of Bodo-Kachari, Lalung, Mikir 
and other plains tribals up the ladder of Sanskritisation has been 
continuously going on. Yet the small 12 per cent rate of increase 
in the population of the Koch caste between 1872 and 1881 is 
somewhat misleading. It may be safely assumed that a number 
of Koch, specially in the eastern districts, did return themselves 
as belonging to some higher caste, such as Kalita or Keot. 34 

The Keot or Kaivarta (105,317) is another agricultural caste, as 
distinguished from Jaloa Keot (pani-Kaivarta) which is a fishing 
caste. Another fishermen’s caste is designated generally as 
Nadial (or Dom) (96,779) . The Hari (Brittial) caste was assigned 
the sweeper’s duties by the Tai-Ahom rulers. Later, they con- 
verted themselves into goldsmiths. It is the Nadial, Hari, Hira, 
and few other untouchable castes who were put at the lowest 
end of the social scale. Yet another important caste is that of 
the Nath-panthi Jugi or Katani community (81,931) . Although 
weaving and spinning were universal with medieval Assamese 
households, the spinning of the Pat (mulberry) variety of silk- 
yarn was an exclusive function of this caste. Hindus though 
they were, the custom of burying the dead in preference to 
cremation survived amongst them. 

The Chutiyas (59,173) are another tribe converted gradually 
into Hinduism. Originally a hill tribe, they had settled down in 
Lakhimpur, already by the 13th century and had established a 
local kingdom. They were conquered and later absorbed, to a 
considerable extent, by the Tai-Ahoms. Despite this, they have 
survived as a separate Hindu caste. In 1911, 65 per cent of the 
Chutiyas were enumerated in Sibsagar and 22 per cent in 
Lakhimpur district. Their original language, now almost dead, 
is believed to have been close to the Bodo-Kachari language. But 
this remains yet to be established. 

The Tai-Ahoms (179,283) settled down in Upper Assam as 
migrants from Upper Burma in the 13th century. They belong 
to the Tai or Shan race which extends in scattered pockets from 
Assam to Tongking and southwards to Bangkok and Cambodia. 
They had their own written language which, although dead by 
now, is still cultivated by a handful of their erstwhile priests. 
The original Tai-Ahom settlers liberally absorbed Chutiya, Moran 
and Borahi tribes into their fold, and after some three hundred 
years of separate identity adopted Hinduism and Assamese 
language by the 17th century. They also adopted mud-plinth 
dwelling and' the practice of cremation. Since then they have 
been recognized as a Hindu caste in Assam. Although dominant 

34 Ibid., p. 75. 
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politically, they were not regarded as a high caste. During the 
19th century, their number was enumerated as follows : 


0 

1872 

1881 

1891 


128,980 

179,314 

153,211 


More than 94 per cent of the Tai-Ahoms are found in Upper 
Assam. Although they ruled over Assam for more than 600 
years, they constituted hardly 10 per cent of the total population 
in their dominion, at any time. Later migrants of Tai race — 
Khamtis and Shans — were Buddhist by faith and numbered 3,158 
in 1881. The Chutiya, Moran and Thengal-Kachari communities 
came so much under Tai-Ahom influence, that many of them 
described themselves as Ahoms, before the Census enumerators. 

From Table 3, it appears that more than one-third of the 
population of the Brahmaputra valley are ethnically of Bodo- 
Kachari origin. If we keep in view the process of conversion 
completed in the remote past and also the fact that some of the 
Muslims must have been converts from the Bodo-Kachari stock, 
we cannot but conclude that the Bodo-Kachari element in 
medieval Assamese society was much more prominent than what 
the census of 1881 suggests. By the term ‘Bodo-Kachari’ is meant 
all such allied tribes as Boro, Kachari, Mech, Rabha, Dimasa, 
Hojai, Hajong, Lalung, Tiprah and Garo, scattered over different 
parts of northeast India. It is likely that the Chutiyas and 
Morans are also of Bodo-Kachari origin. The Bodo-Kacharis and 
other tribes of Tibeto-Burman group, the Miris and the Mikirs 
of the plains, were learning the use of plough from settled 
populations in course of centuries. The process is not yet complete. 

Before we close this account we may refer the reader to the 
Appendix at the end which gives a detailed caste classification of 
households, in Nowgong district for 1850-51. This is one of the 
oldest available analysis of the early British period. 

The indigenous caste-structure of Assam does not reflect the 
existence of any trading caste of significance. Such caste is 
conspicuously absent in Upper Assam. But in Lower Assam 
there is a small trading community, called nowadays Vaishya- 
Saud (Sunri), a counterpart of the Saha caste of Bengal. They 
have been carrying on trade from the remote past. Chand 
Sadagar of medieval folklore belonged to this caste. Besides, 
the Kalita craftsmen of Kamrup — silk-weavers and bell-metal 
artisans — used to sell their specialised products as itinerant 
traders all over Assam. People of Barpeta were described as 
vigorous traders by the early 19th-century British administrators. 


Their boats, laden with surplus mustard-seeds of Assam, used to 
ply even on Bengal rivers. Folk literature of the 16th century, 
referring to the trading activities of boat-owning sauds, is as 
much a living tradition with Lower Assam as with Bengal. This 
suggests the existence of river-borne trade between Lower 
Assam and other areas during medieval times. Merchandise 
carried by outgoing boats, according to literary sources, comprised 
black pepper, long pepper, ginger, cumin seeds, mustard seeds, 
coriander seeds, incense etc. 35 Muslim merchants in the Mughal 
period were very much interested in the aloes wood ( dgar ) of 
Assam. 

About trade in the Ahom period, Shihabuddin Talish (1662) 
writes : 36 

Formerly once a year, by order of the Raja, a party used to 
go for trade to their frontier near Gauhati ; they gave gold, 
musk, aloe wood, pepper, spikenard and silk-cloth in exchange 
of salt, salt-petre, sulphur and certain other products. 

Assamese traders ( mudoi ) went as far as Dacca and other places 
with their boats. Trading activities were not the monopoly of 
any particular caste. Some Assamese merchants of the 18th 
century — such as Sibram Sarma Vairagi — were Brahmin or 
Ganak by caste. The Bengal merchants also came with their 
petola boats to Lower Assam, and even as far as Central Assam. 37 
During the short-lived Mughal occupation of Lower and Central 
Assam in the 17th century, there was a Mughal outpost in the 
village Gorakuchi near Singri which was interested in facilitating 
trade with Western Kameng and Bhutan. But, war with the 
Mughals forced the Tai-Ahom rulers to put an embargo on entry 
of foreign boats into Assam. 

River-borne trade of Assam, however, could never be as im- 
portant as that along the Ganges, because of difficult navigation 
on the Brahmaputra, as noted above. Heavy rains and soft soils 
did not permit the use of wheeled carts for carriage, until the 
introduction of metalled roads in the British period. Trade was 
further limited by the carrying capacity of canoes on rivers 
and of pack-animals (limitedly used) and human carriers 
on land. Assam’s balance of trade seems to have been distinctly 
unfavourable with the rest of India. We get a fair idea of the 

35 B. K. Barua, Studies in Early Assamese Literature, (Nowgong 1953) 
p. 97. ’ ’ 

3 « See n. 30. 

37 S. K. Bhuyan, ed„ Kamrupar Buranji, (2nd Ed., Gauhati, 1958), 
p. 44. 
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traditional river-borne exports and imports of medieval Assam, 
from the figures recorded for 1808-9. The exports to Bengal in- 
cluded, in a descending order of importance, raw cotton, lac, 
mustard seeds, mooga silk cloth, mooga silk thread, elephant 
tusks, slaves, bell-metal utensils, iron hoes, pepper and miscellan- 
eous forest products — together valuing Sicca Rs. 130,900 only. 
Imports from Bengal, valued Sicca Rs. 228,300, were mainly salt 
(84 per cent) and muslin (5 per cent) ; the rest were various 
luxury items. In that year, trade was, however, at a very low 
level, because of a prolonged civil war preceding the date. 
Nevertheless, the list fairly indicates the composition of Assam’s 
trade with rest of India in late medieval times. In any case, it 
was, by and large, limited by the extent of local demand for salt. 


VI 

Main Socio-Economic Features of Assam’s Medieval Society 

Above is an attempt to weave together significant geographical 
and historical phenomena and arrive at a general framework of 
the socio-economic history of medieval Assam. The main con- 
clusions that emerge from this paper are as follows : 

Medieval Assam, being relatively isolated from the rest of 
India, had a peculiar socio-economic pattern of its own. The 
economy of its plains was very much integrated with that of the 
hills. Raw cotton, forest products, oranges, rock-salt and iron of 
the hills were bartered for rice, dried fish, silk and cotton cloth 
of the plains. This symbiotic relationship was maintained 
through a chain of foot-hills marts and fairs where both sides met. 
This trade between plains and hills appears to have been no less 
important than what passed on between Assam plains and the 
rest of India, because of the limited scope of navigation on the 
Brahmaputra. This conclusion is drawn despite the fact that 
manual transport across the hills had greater limitations which 
however were overcome by mass participation of the tribes in the 
transportation of the goods bartered. The total volume of trade 
— internal and external — was small, but so was the population 
as well as the total domestic produce of the region. What is to 
be noted is that the region’s economy was far from what could 
be called self-sufficient. 

Assam could not offer enough goods to match the value of her 
demand for salt imports from Bengal. Hence there was an out- 
flow of gold (collected from river-sand) and also of slaves. The 
poorer sections of the population — and also the better-off to a 


considerable extent — used a preparation of the ash of burnt 
water-weeds or barks of plantain trees as a substitute for salt. 
This consumption habit survived till our days. Similarly, the 
low consumption of vegetable oils freed a considerable quantity 
of mustard seeds for export to Bengal. This contrasts with the 
present shortage of mustard-seeds in the state because of the 
change in the population composition and the consumption- 
pattern. . 

Technologically, Assam plains remained far behind the rest of 
India. Population-scarcity, land-abundance, and continuous 
migration from hills to plains — all these factors combined to- 
gether to slow down the transition from shifting hoe-cultivation 
to permanent plough-cultivation, not only in the hills, but also 
in the plains. Even the plough cultivation was of shifting nature 
over large areas of the submontane and riverine belts of the 
plains. Neither heavy ploughs drawn by several bullocks nor 
seed-drills were ever in use in this part of India. Rather, plough- 
shares made out of roots of areca-nut trees or of bamboo often 
replaced the iron share in the local ploughs. Use of iron, bricks 
and wheeled carts was extremely limited, although they were 
known from ancient times. Even the potter’s wheel was not 
universally used by the potters. Neither the construction of 
residential houses nor of boats made any mentionable use of 
iron. Only dug-out canoes with no sails were generally made 
and used in the Brahmaputra valley. With some five men on 
each boat, they could be pushed along with bamboo poles at the 
rate of 8 to 10 miles a day when other boats made little progress 
during the rains. The use of water-mills for milling or grinding 
grains in some pockets of NEFA has never been imitated else- 
where in the region. 

Specialisation on caste lines did not go far in medieval Assamese 
society. Weaving and spinning were universal with all Assamese 
women, irrespective of caste and status, thus limiting the scope 
of professional weavers. Extraction of mustard oil and gur was 
carried on in individual households. However, there was speciali- 
sation in the making of bell-metal and brass utensils, earthen- 
wares, ornaments and a few other articles. In these crafts, a 
certain degree of perfection was reached. Since the 16th century, 
the manufacture of newly-introduced guns and gun-powder was 
organized by the state on a high level of skill, which contrasted 
with the backward technology in general. 

Until the 13th century, Upper Assam appears to have been 
thinly-populated, because of poorer cultivation of the soil. Wet 
rice cultivation increased rapidly in this region under the Tai- 
Ahoms. A better supply of food led to a rapid increase of 
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population and further extension of settled cultivation. This to- 
gether with their superiority in weapons enabled the Tai-Ahoms 
to carry on their expansionist wars against the Chutiyas and the 
Kacharis and to build up a strong State. Hundreds of miles of 
embankment-cum-roads were built up by them, primarily in the 
interest of extending wet rice cultivation. 

The rice-economy of the Brahmaputra valley was capable of 
producing considerable surplus. But as difficulties of export 
came in its way, production was limited by the extent of the 
local market. This curb on the potentialities forced the Assamese 
peasants to find an alternative use of their land and labour in 
the cultivation of poppy, a new crop, during 1770-1860, for local 
consumption. This totally ruined the people and stagnated the 
economy for many years to come. 

The process of Sanskritisation, going on slowly for centuries, 
gathered momentum during the period of the liberal Vaishnava 
movement under the guidance of Sankaradeva (1449-1568), 
Gopaladeva (1541-1611), Aniruddhadeva (1553-1624) and others. 
The mass conversion of the Bodo-Kachari tribes and Tai-Ahoms 
into Hinduism from the 16th century onwards coincided with this 
movement. This movement led to a politico-religious upheaval 
amongst the people of Moran tribe and amongst the socially 
lower castes who allied with the former all over the valley. 
United under the banner of a particular sect of Vaishnavism, 
following the school of Aniruddhadeva, they fought against the 
Tai-Ahom ruling dynasty. A series of devastating civil wars 
(1770-1810) remained undecided and brought in its wake depopu- 
lation, disorder and all-round decadence. This turned Assam into 
a labour-short economy. 

Medieval Assam was essentially a barter economy. Local 
coinage on a limited scale, however, started from the 16th 
century. Land revenue was paid in labour, as a general rule, 
and in produce or money, in special cases. Officials received a 
portion of the contributed labour in lieu of salaries. This state 
system 38 could be worked smoothly for some five centuries or so 
because of the essentially tribal basis of the society itself, but 
from mid-18th century it was facing a crisis. 

The most important towns had no more than a few thousand 
inhabitants during the medieval times ; and agricultural and 
waste lands, on all sides, encroached upon them. In no period 
did Assam have any large nucleated villages. It had mostly a 

38 F 0r an account of the system refer to my article, “Land rights and 
social classes in medieval Assam”, The Indian Economic and Social 
History Review, III, 3, (September 1966), pp. 217-39. 


hamlet type of human settlement scattered over the agricultural 
fields, in an elongated, linear fashion along banks of tributaries 
of the Brahmaputra. The absence of great urban centres thus 
distinguishes the economic history of medieval Assam from that 
of contemporary Northern India. 

If we keep in mind the geographic environment and the 
ethnic composition of the people and try to read history back- 
wards from the known recent past to the unknown, as Marc Bloch 
has done in his French Rural History or D. D. Kosambi has done 
in his life-long research, many gaps in our knowledge of the 
region’s economic past may be profitably filled up, despite the 
paucity of factual data capable of definitive interpretation. 
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Distribution of Households by Caste in Nowgong District* 

1850-51 

(Total No. of Households = 43,795) 


Caste — Group 

No. of House- 
holds 

As % of total 
Households 

Koch 

8,532 

19.5 

Plains tribals 

7,877 

17.9 

(mainly Bodo-Kachari) 
Chutiya 

1,458 

3.6 

Ahom and Shah (Tai-Ahom) 1,877 

4.3 

Kalita 

5,458 

12.5 

Keot 

3,735 

8.5 

Brahmin 

1,475 

3.4 

Ganak (Daibagna) 

126 

0.3 

Boria 

1,751 

4.0 

Jugi 

2,317 

5.3 

Dom (Nadial) 

3,381 

7.7 

Chandal 

1,133 

2.6 

Hari 

194 

0.4 

Nat 

209 

0.5 

Muslim 

2,016 

4.6 

Moria (Muslim brass 
utensil makers) 

313 

0.7 

Kamar 

125 ~) 


Kansari 

31 r 

1.2 

Koomar 

384 J 


Patia (Mat-makers) 

360 

0.8 

Lonaree (Salt-makers) 

111 

0.3 

Miscellaneous 

— 

1.9 


* The analysis here covers only nine mahals of the district — Nowgong, 
Koliabar, Mikirpur, Chaporee, Raha, Jamunamukh, Morung, Lakhiraj 
and Dantipur. 

Source : John Butler, Travels and Adventures in the Province! of Assam, 
(London, 1854), Appendix H, pp. 266-7. We have presented 
the data in an abridged form. 
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(Vethbegar) in the 
Eighteenth Century 
Maratha Kingdom* 


i 

Introduction 

Since the late Professor D. D. Kosambi introduced a concept of 
feudalism in the study of Indian history, 1 several Indian his- 
torians have started serious works in terms of the ‘feudal’ 
structure of Indian society and state, roughly from the 6th 
century onward, and many aspects of the structure seem to have 
been clarified for the period up to the Muslim conquest. R. S. 
Sharma, for instance, has pointed several characteristics consist- 
ing of feudalism in Indian history, such as the grant of lands to 
Brahmans and later to princes and bureaucrats, sub-infeudation 
of lands, existence of peasants as semi-serfs, excessive burden of 
taxation and imposition of forced labour upon them and so on. 2 

Other historians of India who have likewise stressed a certain 
feudalism in Indian polity during early medieval period usually 
point out the existence of forced labour as one of the important 
aspects of the feudalism. 3 Indeed writers on Indian polity before 
the Muslim conquest almost always refer to a system of forced 

* This is a modified English version of my essay in Japanese on the 
same topic that appeared in The Hitotsubashi Review, September, 1962, 
Vol. 48, No. 3. 

1 D. D. JCosambi : An Introduction to the Study of Indian History , 
Bombay, 1956, Chapts. 9 & 10. 

2 R. S. Sharma : Indian Feudalism : c. 300-1200, Calcutta, 1965, pp. 263- 
67. See also R. Coulborn : “Feudalism, Brahminism, and the Intrusion 
of Islam upon Indian History,” Comparative Studies in Society and 
History, Vol. X, No. 3, April, 1968, Mouton Publishers, pp. 356-74. 

3 E.g. L. Gopal : The Economic Life of Northern India, Varanasi, 1965, 
1965, pp. 26-28. S. A. Q. Husaini : The Economic History of India, Cal- 
cutta, 1962, Vol. I, pp. 167-68. B. P. Mazumdar : Socio-Economic History 
of Northern India (ajj. 1030-1194), Calcutta, 1960, pp. 188-90. 
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labour called visti prevalent there. 4 5 

On the other hand those scholars who have tried to prove the 
feudal structure of the political and economic life of India before 
the Muslim period do not always clearly express their opinion 
as to whether the Indian polity during later medieval period 
extending from the 13th to the early 19th century could also be 
characterized by a concept of feudalism, although the late Prof. 
Kosambi has certainly affirmed the point. 3 

Discussion in the light of a concept of feudalism has hardly 
started regarding the later medieval period of Indian history 
though some scholars like James Tod regarded long ago the 
structure of Rajput states in Rajasthan as a specific kind of 
feudalism, 6 whereas some historians like Dr. Irfan Habib seem 
cautiously to avoid any use of it. 

Whether the later medieval Indian polity is to be understood 
in terms of a concept of feudalism or something else, some 
scholars have pointed out the then wide prevalence of corvee 
requisitioned by political authorities from subjects in various 
parts of India, 7 along with exactions of regular revenues, tributes, 
and miscellaneous dues. But to the best of my knowledge the 
exact position of this custom of forced labour has not yet been 
studied for any part of India during the period. 

Accordingly this paper of mine is an attempt at exposing the 
position of forced labour as it was practiced in the directly ad- 
ministered regions ( svardjya ) of the 18th century Maratha 
Confederacy on the basis of about fifty contemporary records 
collected from various Marathi source-books that will be duly 
indicated in the notes attached at the end of this paper. 

This paper will focus attention among others, firstly, on the 
relationship between the forced labour and the caste system, and 
secondly on the freedom of people to migrate in the light of 
exactions of revenue, and so on. 

Now before starting discussion a few remarks should be made 
regarding miscellaneous points connected with the topic. 

First, the corvee as practiced in the 18th century Maratha 

4 S. K. Maity : The Economic Life of Northern India in Gupta Period 
( Cir . a.d. 300-550), Calcutta, 1957, pp. 152-54. U. N. Ghoshal : Hindu 
Revenue System, Calcutta, 1929, pp. 39, 40, etc. 

5 D. D. Kosambi : op. cit., pp. 338 ff. 

8 J. Tod : Annals and Antiquities of Rajasthan, London, 1st ed., 1829-32, 
reprint 1950, Vol. I, “Sketch of a Feudal System in Rajasthan.” 

7 E.g. J. N. Sarkar : Mughal Administration, 4th ed., Calcutta, 1952, 

p. 88. I. Habib : The Agrarian System of Mughal India, Asia Publishing 

House, 1963, pp. 150, 167, 239. K. P. Mitra : “Begar or Forced Labour 

in Historical Records,” Proceedings of Indian Historical Records Com- 
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svardjya was called either begar (a Persian term), or veth 
(derived from Sanskrit visti ) , or compound of the two terms, 
vethbegar. 

Second, about fifty records referred to above extend from 1720 
to 1787 and cover all the major regions of svardjya ; 8 hence they 
show the wide prevalence of the practice in the kingdom. 

Third, the corvee shown in the source materials is that which 
was exacted from villages, and it is not clear whether cities dis- 
tinct from villages also bore the regular forced service. 

Fourth, not all the people who did not participate in state 
nower were imposed with the forced service. For instance, not 
only priestly Brahmans 9 but also secular ones 10 (e.g. landowners) 
were exempted from it by the government. Besides, Kasars 
(Brassworkers) of Saswad region to the south of Poona were also 
permanently exempt from forced service, though the reason is 
not clear. 11 Other temporary exemption or reduction of it for 
some specific reasons will be mentioned later. 

Fifth, the svardjya included temporarily assigned villages 
(mokasd, jdgir, saranjdm, etc.) to state bureaucrats as well as 
permanently alienated villages ( inam ) to Deshmukh (hereditary 
chief of Pargana), Deshpande (hereditary accountant of Par- 
gana) , important temples, eminent priests, distinguished servants 
of the state and so on. And such villages may have occupied 
about a quarter of the total number of the villages in the sva- 
rdjya. 12 At any rate they were usually exempt from forced 
labour to the state, but were bound to bear it for the sake of 
fief-holders or indm-holders as will be occasionally referred to 
later. 13 

8 Regional distribution of the records is as follows : eleven records for 
Poona, ten for Junnar, eight for Ahmadnagar, six for Konkan, five for 
Ratnagiri, three for Bassein, two each for Nasik and Satara, one each 
for Khandesh, Aurangabad, Sholapur and Dharwar. 

9 C. V. Vad & D. B. Parasnis ed. : Selections from the Satara Raja’s 
and the Peshwa’s Diaries (abbreviated as SSRPD in the subsequent 
notes), Poona, 1906, Vol. II, No. 328. 

10 Ibid., Vol. Ill, No. 341. 

11 Ibid., Vol. I, No. 281. 

12 In Ahmednagar Collectorate, for instance, there were 527 assigned 
villages out of total 2647 villages at the commencement of British period. 
Inam villages numbered at 156.5. Thus assigned villages and inam ones 
occupied about 20%, and 6% respectively of the total number of villages 
in the Collectorate. Vide W. Chaplin : A Report Exhibiting a View of 
the Fiscal and Judicial System of Administration Introduced into the 
Conquered Territory above the Guts, under the Authority of the Com- 
missioner in the Dekhan, Bombay, 1824, reprint 1877, p. 17. 

i» For mokasa villages see SSRPD, Vol. II, No. 284 ; Vol. Ill, No. 334 ; 
and for inam villages see ibid., Vol. II, No. 285 ; Vol. VIII, Nos. 1090, 
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And sixth, the general aspects of revenue system in this king- 
dom have been studied by S. N. Sen , 14 and this paper will make 
a mention of it only when necessary. It should be borne in mind 
here that peasants had to pay to the government a heavy land 
revenue sometimes amounting to the probably highest rate of 
two-thirds of gross-produce . 15 Besides, artisans and merchants 
residing in villages, not to speak of towns and cities, had to pay 
to the government business-tax called mohatarfa, and both 
peasants and village-artisans were bound to bear beyond those 
regular revenue and tax various small dues in kind or in cash 
to government, local bureaucrats (such as Mamledars, Ka ma - 
vlsdars and Khots) , as well as to the indigenous hereditary officers 
like Deshmukhs and Deshpandes. In other words corvee was 
exacted not in lieu of but in addition to such regular and irregular 
collections, usually in the peasants’ slack season from October 
to March. 

II 

Corvee and Caste System 

We will first examine kinds and amounts of forced labour and 
then try to find out connection between it and the caste system 
on the basis of thirty out of fifty records, that are rather concrete 
in their contents. 

Kinds of Corvee 

The thirty records may be itemized on the basis of various 
kinds of services as follows : 

Item A. Seven records pertaining to corvee exacted for con- 
struction or repair of forts ( killa ) , police-stations 
( thdna ), residences of local bureaucrats, as well as 
the dams ( dharan ) for irrigation. 

Item B. Six records regarding porterage ( hajir be gar) of 
grains, timbers and other goods of government. 

Item C. Five records pertaining to corvee in cutting fodder 
( gavat ) at government meadows ( sarkdrcha kuran ) 
scattered in various places. 

1091. S. L. Vaidya ed. : Vaidya Daftarantun Nivadlele Kagad (abbre- 
viated as Vaidya Daftar in the subsequent notes), Poona, Shaka 1873, 
Vol. V (1752-53), No. 2. 

14 S. N. Sen : Administrative System of the Marathas, Calcutta, 1923 
(2nd ed. 1925), Book II, Chapts. V & VI. This book, however, does not 
refer to the forced labour. 

18 SSRPD, Vol. m, Nos. 327, 334. 


Item D. Five records concerned with miscellaneous labour 
( rdbanuk or rubate ) at the local as well as the central 
government offices. 

Item E. Two records related to miscellaneous labour and 
saddlery at government stables (hujur pagd) . 

Item F. One record on free service of watchmanship ( baithak 
vethbegdr or choki vethbegdr) at market places 
(bdjdr ) . 

Item G. Four records on forced labour in indm villages ; three 
of them on construction of houses and one on porterage 
for the sake of inamdar. 

Above itemization clearly shows that government imposed 
various kinds of forced labour upon the people both in the centre 
and in the countryside. It also may suggest that corvee was 
hardly used for the cultivation of state lands as well as the directly 
managed lands or demesne of inamdar in his indm village , 16 such 
lands being usually cultivated by share-croppers ( vdtekari , 
ardheli, etc.) or on a fixed rent . 17 

Amount of Corvee 

The amount of corvee requisitioned for construction and repair 
of forts and so on in Item A does not seem to have been pre-fixed 
for each village per annum. Rather, government seems to have 
pressed people into service for the required periods such as eight 
days or fifteen days 18 whenever it was needed unless it disturbed 
their occupations . 19 Case was the same with forced labour 
exacted by holder of an indm village from his villagers in Item G 
above . 20 

In the case of porterage as shown in Item B, also, there seems 
to have been no fixed rule for its amount ; people were pressed 

is In this kingdom a part of the village lands was often given in indm, 
apart from indm villages. In my knowledge this is the only instance in 
Junnar region where the cultivation of such an indm land in a village 
was carried out by means of forced labour of the villagers. In this 
case, though it is not clear who was the inamdar, villagers cultivated 
the indm land by corvee in additional to free contribution of 17,000 
bundles of fodder to government, which admitting the excessive exaction 
of forced labour exempted them from the fodder-contribution for a 
year. Vide SSRPD, Vol. II, No. 285. 

ii Regarding the cultivation of state land and indm land by the tenants, 
see my essay : “Lands and Peasants in the Eighteenth Century Maratha 
Kingdom,” Hitotsuhashi Journal of Economics, June 1965, Vol. 6, No. 1, 
pp. 52-54, 56-60. 

is SSRPD, Vol. II, No. 286. 

18 Government postponed or reduced the requisition of such forced 
labour during the busy farming season. Vide ibid., Vol. VIII, No. 1088. 

88 Vaidya Daftar, op. cit., Vol. IV, (1741); No. 17, (1745) ; No. 4 . 
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into service by central as well as local government as occasion 
called, though it seems that villagers of a certain village were 
not engaged in the service continuously for a long distance, but 
hands were changed at the next village. 21 

In the case of free service to cut fodder for government, amount 
of the annual (sdlabdd) obligation appears to have been fixed 
for each district and then for each village (probably from 10,000 
to 50,000 bundles per year per village depending on the size of 
the village). 22 And villagers probably used to spend about 
fifteen days every year for cutting the fixed amount of fodder 23 
and had to carry them to the appointed nearby stables of the 
government. 24 

In the case of miscellaneous labour at central and local 
government offices as shown in Item D, the required amount of 
labour was not fixed beforehand ; duration of service varied from 
fifteen days-' to two months 26 per annum in different regions. 

The period of service in miscellaneous labour and saddlery at 
government stables as shown in Item E is only mentioned as ‘per 
last year’ (sdlgujastapramdnen) . 2T But as we shall point out later, 
service of this item was borne by the same castes ( jdti ) as that 
of Item D referred to above, we may say that the duration of 
forced labour in Item E was also from fifteen days to two months 
per annum. 

Amount of corvee in watchmanship at market places as referred 
to in Item F is by no means clear. 

At any rate it should be borne in mind that excepting Item G 
concerned with indm villages, the duration of service such as 
eight days, fifteen days or two months as shown above was that 
which central government demanded or sanctioned. As a matter 
of fact, more arbitrary exaction of forced labour was often 
practiced by local authorities, and people faced with the 
excessive demand of corvee sometimes petitioned to central 
government to reduce or stop it or simply ran away. What 

central government would do in such occasions will be referred 
to later. 

H VoL No - 365 ; VoL m - No - 412 ; Vol. VIII, No. 1090. 

* Vol. VII, No. 741. But the obligation of a certain village, 
°, r .™ Ple ’ WaS S ° changed from 14 000 bundles in the year 1763 to 
13,500 bundles ten years later that annual burden of each village may 
have varied according to the change in the size of its population, for 
instance. Vide ibid., Vol. VIII, No. 1087. 

23 Ibid., Vol. II, No. 288. 

24 Ibid., Vol. VIII, No. 1089. 

25 Ibid., Vol. VI, No. 723. 

20 Ibid., Vol. Ill, No. 334. 

27 ibid., Vol. Ill, No. 265 ; Vol. VI, No. 673. 


Corvee and Caste System 

Here we will begin with the corvee in porterage (Item B) 
and cutting fodders (Item C) . People who were engaged in such 
services are simply called either ‘forced labourer’ (began, vethl, 
vethbegdri) , ‘men’ (asami) , or rayat (or rayet) in our records. 
As is known, the term rayat means ‘people’ or ‘subjects’ in general 
and ‘peasants’ in particular : at any rate it is not the name of 
any specific caste. Accordingly we may infer that the corvee in 
porterage and cutting fodder was not imposed upon any specific 
castes but upon the villagers as a whole whose main body was 
peasantry. 

On the other hand, it is not clear what kind of people bore 
the service of watchmanship at market places (Item F) . 

The situation in regard to construction and repair (Items A and 
G), miscellaneous labour at government offices (Item D) and 
miscellaneous labour and saddlery at stables (Item E) is, how- 
ever, very remarkable in connection with the caste system. In 
these items certain specific castes are clearly pointed out in the 
records as those who have been requisitioned in the different 
services : the Sutars (Carpenters) , Kumbhars (Makers of pots 
and bricks), Patharvats (Masons), Gavandl (Bricklayers) along 
with the forced labourers ( vethls ) and rayats in the case of con- 
struction and repair of buildings and dams (Items A and G) ; 28 
Mahars (untouchable caste engaged in miscellaneous menial 
labour such as sweeping the dirt and removing the dead 
animals, and so on) in the case of miscellaneous labour 
(rdbanuk or rdbate) at government offices (Item D) and stables 
(Item E) ; 20 and Chanbhars (untouchable caste occupied with 
leather works), Mangs (untouchable caste of rope-makers), 
and Jingars (untouchable caste specializing in making bridles 
and saddles among the leather works) in the case of saddlery at 
government stables (Item E). 30 In these items not only the 
names of specific castes are mentioned but also the number of 
persons to be requisitioned from each district or from each 
village is also often specified in our records. 

The fact that various artisan castes and untouchable ones were 
regularly pressed into forced service in their respective tradi- 
tional occupations by the government or by the privileged holders 
of villages either in fief or in indm suggests an important financial 

28 SSRPD, Vol. II, Nos. 196, 286 ; Vol. Ill, No. 315. Vaidya Daftar, 
Vol. IV, (1741) ; No. 17, (1743) ; No. 17, (1745) ; No. 4. R. V. Oturkar 
ed. : Peshvekalin Samajik va Arthik Patravyavahar, Poona, 1950, No. 89. 

22 SSRPD, Vol. II, No. 283 ; Vol. Ill, Nos. 265, 334, 415 ; Vol. VI, Nos. 
673 ; 723. 

so Ibid., Vol. Ill, No. 265 Vol. VI, No. 673. 
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role played by caste system in the total polity of Maratha 
Kingdom : the caste system did not only maintain a considerable 
self-sufficiency of services inside the village, but also was closely 
connected with and utilized by the authorities through the system 
of forced labour. 31 


Ill 


Corvee and Freedom of People 


Basic Attitude of Government towards Corvee 
People who bore all these burdens were necessarily to be 
protected by central government. And in fact the government 
seems to have always been cautious to see to it that people should 
not be ‘harassed’ (upadrav) or ‘abscond’ (paraganda) because of 
excessive demand of revenue, corvee and so on. But the demand 
of corvee by local bureaucrats and their subordinates tended to 
be so heavy that people sometimes resorted to absconding. In 
such cases the central government would command the local 
bureaucrats to reduce the demand down to the customary 
standard and levy the corvee only so much as required for the 
government works and with a due. consent of hereditary officers 
of the place. 32 And on the other hand government would order 
the headman of the village to induce those who had absconded 
to come back to their village. 33 There were such cases also that 
when people in a service of porterage ran away on the way, the 
government imposed a certain amount of money upon their 
village and employed wage-labourers ( majurdar ) in their stead. 34 
Even when people did not run away but simply complained about 
excessive demand of corvee, government would accept the appeal 
and allow the people to pay a certain amount of money in lieu 
of the corvee, 35 although such a measure does not seem to have 
become perpetual but rather appears to have reverted to ordinary 
provision of labour after some years. 36 

Government did not only occasionally allow the money-pay- 


Cf. My Essay : State and Caste System (Jati) in the Eighteenth 
Century Maratha Kingdom,” Hitotsubashi Journal of Economics June 
1968, Vol. 9, No. 1 , p. 44. 

32 “. . . vefh bigar sarkarkamas agatyagatya lagel, ti jamindarache 
gujaratmen shist karun ghenen” (SSRPD, Vol. VI, No. 716) Also ibid 
Vol. VI, No. 723. 

33 Ibid., Vol. VI, No. 735 ; Vol. VII, Nos. 429, 431. 

34 Ibid., Vol. VIII, No. 1092. 


Ibid., Vol. II, No. 283 ; Vol. VII, No. 741 ; Vol. VIII, No. 1089 
Ibid., Vol. II, No. 283 ; Vol. Ill, No. 415 


ment of corvee, but also specially reduced or cancelled the corvee 
of the year from those masons, bricklayers and so on, who were 
then incidentally employed in the construction of some donated 
temple, as well as from such villages as had been recently 
damaged by the army or had just entered the busy agricultural 
season. 37 

Moreover, not all the corvee was unpaid : people requisitioned 
in miscellaneous labour, at least, were sometimes provided with 
a small amount of money or grains by the government. 38 

In short it seems that the principle, as it were, of the central 
government was not to exact as much corvee from the people as 
possible but to impose it upon them ‘properly’ (shist), namely 
‘according to the custom’ ( shirastpramdneh ) and to that extent 
to which central government demanded or sanctioned. 39 

Freedom of People 

As pointed out above, when people ran away due to some 
grievances, government tried to induce them to come back. Then 
were the people legally bound to a certain fixed region or village ? 
Or were they able to migrate to other places on their own will 
even in opposition to the wish of the government ? 

To be sure I have not been able to find any evidence to show 
that people actually migrated to other places merely because of 
the excessive demand of corvee. There are, however, several 
interesting records which show that people migrated en masse 
to other places due to a difference of revenue burdens between 
different regions. Out of them the most informative will be 
translated as follows : 

The Secretariat (ChitnisI) of Poona government issued fol- 
lowing order to a bureaucrat posted at Nasik District in 
December 1779. 

“Govind Ram, the Governor (Mamledar) of Kalyan Bhivandi 
District reported early this year to government as follows : 
‘Whereas in the regions of Deher Borath and Korakda of 
Kalyan Bhivandi District, survey ( pahani ) was done in the 
suhur year 1172 (= a.d. 1771), and Trinbak Vinayak (name 
of an officer) settled the revenue (jamabandi ) , peasants 
( kuleh ) so surveyed have however left for the regions of 
Trinbak and Ratangad (of Nasik District) , so that the above 
two regions (of Kalyan Bhivandi) became ruined, and a loss 

37 Ibid., Vol. II, No. 196 ; Vol. VIII, Nos. 999, 1087, 1088 
33 Ibid., Vol. II, No. 282 ; Vol. VI, No. 723. 

30 Ibid ’ Vo1 - HI, No. 421. Oturkar : Peshvekdlin Sdmdjik va Arthik 
Patravyavahdr, op. cit., Nos. 6, 88. 
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to government took place.’ Accordingly government already 
issued following letter to you, ‘Send back above peasants to 
their respective regions, or collect the revenue (dkara) from 
these peasants in your own regions according to the rate that 
would be fixed by the Governor of Kalyan.’ Nevertheless you 
did not do so, but simply issued letters to your own Collectors 
( Kamavisddrs ) to the effect that peasants should be sent 
back if they so agreed (raj&band). Therefore officers sub- 
ordinate to Governor ( Mamledar ) of the above District (Kalyan 
Bhivandi) have again petitioned to the government as follows, 
‘Why would the peasants agree to come back, for those peasants 
who had been cultivating land here at the rate of Rs. 50 
are cultivating the same amount of land there at the rate of 
Rs. 25 ? When the said peasants newly migrated there the 
Collectors of the places easily issued assurance knowing that 
they (Collectors) would also be benefited. Then how would 
the peasants agree to come back ? . . . Therefore please issue 
an order on this matter.’ Accordingly this order-letter is issued 
to you. When some ones come there to take those peasants 
back to their respective regions who have migrated from above 
two regions of the above District (Kalyan Bhivandi) to your 
regions, issue a strict order (t&kdd) to them to be taken back. 
If the peasants do not want to go back, collect revenue (vasul) 
from each one of them according to what Governor of Kalyan 
will fix as the assessment upon the peasants on the basis of the 
survey done in suhur year 1172. You must not cause the com- 
plaint to occur again on this matter.” 40 


40 Ibid., Vol. VI, No. 744. “Pargane Deher Gorath va Tdluke Korakda, 
Prdht Kalyan Bhivandi, yethil san isnain sabaindht pdhani houn, 
Trinbak Vinayak ydhnih jamabahdi tharauli, tyd pahanihtil kuleh, 
Trinbak, va Ratangad, Talukyaht gelih ahet, ydjmulen he donhi mahal 
khardbpadon sarkdmuksan jdleh, hen vartman salmajkulih Govind 
Ram Mamledar, Prant majkur, ydhnih sarkaraht nivedan keleh tyaj- 
varun tuhmahs patreh sadar jalih kin, sadarhu kuleh mahalche mahalih 
pdfhavneh, ndhih tar tyd kuldhchd dhdrd Kalydnche Mamledar bdhdhun 
detil, tydpramar/,eh tuhmih aple Talukiyakade jama dharneh, aseh astah 
tydpra.may.eh na keleh ; ani tuhmih aple kadil kamavisdarahs patreh 
kuleh rajabahd karun netil tin neuh deneh, ydpramaneh patreh dilhih, 
tyds kuldche rajabandichd prakdir tari, jeh kul prdht majkurih pannds 
rupaydhehe jitki jamin karit hoteh ten kul tikde jaun titki ja min 
pahchvis rupaydht kariteh. ukteh kul tikde naveh jdteh ten tikdil 
kamdvisddras naphydht milteh, hen jdnon sahal kaul detat, tevhdh kul 
raji hoiih kaseh yeil ? donhi Tdluke sarkarche ; ydjkaritdh yevishih 
adnyd jdli pdhije ; mhanon Prdht majkurche Mamleddrakadil karku- 
ndhmih Hujur vinahti keli, tyajvarun heh patra sadar keleh ase, tari 
Prdht majkurche donhi mahdldhtil kul tuhmdhkadil hardu Talukiydht 


The record translated above fairly clearly shows at least follow- 
ing two points. First, people 41 could migrate to other areas if 
they wanted to do so, even against the will of government In 
other words they were not de jure bound to a certain specific 
area or village, but had a freedom of migration in principle so 
far as they performed their duty of paying revenue and so on 
to the authorities. More generally speaking, it appears that there 
was no legal status of serfs in this kingdom, all the people being 
free in principle excepting slaves who were unfree de jure as 
well as de facto. 42 Second, above record shows, however that 
both central government and local bureaucrats obstinately 
desired to promote the people to return to the areas or the villages 
wherefrom they had absconded. 

Why did not government leave the people to migrate and satisfy 
itself with taking the revenue and so on from them at the new 
place wherein they had settled ? Why did it so strongly demand 
them to return ? 

There seems to have been two major reasons for that. The 
first lay in the systems of revenue collection of this kingdom. 
Broadly there were two systems of revenue collection ; collection 
through formal Collectors ( Kamavisddrs ) and that through 
revenue Farmers (Khots) . In the khoti system, when farmers 
were unable to collect the contracted amount of revenue due to 
absconding of peasants or some other reasons, they were obliged 
to fill up ( bharneh ) the deficiency on their own account unless 
they were specifically exempted from it by government 43 In the 
case of kamavisdari, though the Collectors were not always 
obliged to fill up the deficiency from their own pockets, yet they 
were usually bound to pay to the government in advance a 
considerable portion of the revenue to be collected from their 
jurisdiction, and the renumeration for them also often consisted 


n ^VT-V- Sannent Pdha7fl m dhe > Ydpramaneh Kalydnche 
Sfrf? 7 " Ja kul ^ cl } t Jama bdhdhun detil, tya bamojib kuldragavdr 
]a ™ ldharun ’ v f sul ghenen. (ye)vishihchd bobhdt phiron yeuh na deneh. 

Wie record translated above refers to peasants (.kuleh), but other 
records of similar purport are concerned with people in general (rayat) 
so that the above record may be understood to apply to the neonle 
m general. Vide ibid., Vol. Ill, Nos. 372 375 People 

42 °n tlle P^ition of male and female slaves in this kingdom who 
were employed mostly in domestic services in the courts and 

in S th W mh°’r° f amil i eS ’ S6e my Ja P ane se essay : “Guldm and Kunbina 

m“45 C , e r^. Maratha Kingd ° m " The Hitotsubashi Reviem^Z 

43 SSRPD, Vol. VI, Nos. 716, 762. 
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of a certain proportion of the revenue assessed therefrom. 44 
Therefore it was very important for either of them to cause as 
many people as possible to remain and work in their respective 
jurisdiction which was sometimes composed of single village. 
The second reason is to be found in the vested interests held by 
indigenous privileged class called hakkddrs such as Deshmukhs, 
Deshpandes, Patils (hereditary headmen of villages), Kulkarnis 
(hereditary accountants of villages) as well as temples, priests 
and so on. All of them were entitled to receive a certain amount 
of produce from people of the region or the village. 45 Therefore 
it seems to have been necessary for the government to maintain 
and promote the settlement of the people in a certain specific 
area and village in order to protect the vested interests of the 
privileged class, whereas the government at the same time ought 
to have taken into consideration the welfare of the people as 
mentioned before. 

Thus it may be said that de jure free status of ordinary people 
was de facto restricted more or less by the politico-economic 
interests of the ruling classes extending from village hakkddrs 
up to central government, and they were actually more or less 
bound to a certain specific region and village. 

Mechanism for Enforcing the Corvee 

In a government village as well as in an alienated one it was 
usually headman of the village (Patil) who was held responsible 
at the bottom of administrative hierarchy to maintain and 
promote the settlement of people and procure annual revenue, 
cesses and corvee from them. 46 Being always in the intermediate 
position between government authorities and people, he would 
complain to government of excessive demand of revenue and 
corvee, request it to reduce or exempt it, 47 and sometimes resort 

44 Though we can show a large number of records regarding the kothi 
and kamavisdari systems, suffice it here only to refer to ibid., Vol. Ill, 
Nos. 406, 407, 427, 430 ; and also to S. N. Sen : Administrative System 
of the Marathas, op. cit., 1st ed., pp. 219-21. 

46 Although records on these privilege-holders are also large in num- 
ber, suffice it here to refer to S. N. Sen : ibid., pp. 183-95, 211-18 ; and 
also to S. N. Joshi : “Deshmukhi Watan,” Aitihasik Sankima Nibandh, 
Poona, 1943, Vol. I, pp. 60-75 ; Do. : “Chaugula,” ibid., Poona, 1947, Vol. 
II, pp. 28-33. 

46 Deshmukh and Deshpande, hereditary chief and accountants of a 
Pargana respectively were not more than to help as well as check the 
local bureaucrats and were not directly responsible for collecting 
revenue etc., and requisitioning corvee in the 18th century Maratha 
svardjya. Vide S. N. Sen : op. cit., pp. 211-17. SSRPD, Vol. VI, Nos. 
716, 723. 

47 Ibid., Vol. Ill, No. 334 ; Vol. VI, No. 714. 


to absconding along with villagers. 48 On the other hand, 
however, it was he who would deal with local authorities and 
undertake to procure necessary corvee for them, 49 and indeed 
there were some Patils who had their revenue-free lands ( indm 
jarrun) augmented by government as a special reward for their 
distinguished service in providing it with required corvee. 60 But 
unfortunately we are unable at present to make it clear how the 
village headman allotted burden of corvee among his villagers. 


IV 


Conclusion 

Although the scope of our discussion has been limited to the 
18th century Maratha svardjya, the following points among 
others may have been made fairly clear : First, there was a strong 
financial connection between Maratha polity and caste system 
through the regular requisition of forced labour from artisan and 
menial castes by the authorities. Second, the people had their 
de jure liberty of migration more or less restricted de facto by 
the government because of the specific revenue systems on the 
one hand and the vested interests of privileged class on the 
other. And third, the institution of village co mm u n ity was 
utilized by ruling powers as the compulsory mechanism for 
procuring revenue, cesses and corvee. 

When Maratha svardjya was annexed to British territories in 
1817-18, the basic principle of the government of East India 
Company was to do everything possible ‘to reassure people con- 
cerning the new government’. 51 As a result the government 
abolished corvee system to be used for government works, 
and in its stead levied from every government village a 
certain amount of money for fodder ( gavat begdr) and for mis- 
cellaneous labour ( rdbanuk ) , 52 But corvee continued to be often 
requisitioned by low-class officers and soldiers of the government 
so that it had frequently to prohibit the abuse. 53 On the other 

48 Ibid., Vol. Ill, No. 372. 

49 Ibid., Vol. I, No. 366 ; Vol. VI, No. 741. 

50 Ibid. 

51 K. Ballhatchet : Social Policy and Social Change in Western India, 
1817-1830, London, 1957, p. 10. 

52 W. Chaplin : A Report Exhibiting a View of the Fiscal and Judicial 
System of Administration, etc., op. cit., pp. 139, 143. 

53 R- D. Choksey ed. : Period of Transition (1818-1826), Poona, 1945, 
pp. 101-102, 200-207. 



hand, government connived at the exaction of forced labour by 
indigenous privileged class such as Deshmukhs, Deshpandes, 
indmddrs, and so on for a long period of years. It was in 1860 
that the government formally prohibited all sorts of forced 
labour as practiced in British India. The Indian Penal Code 
enacted in the year declared, ‘whoever unlawfully compels any 
person to labour against the will of that person, shall be punished 
with imprisonment of either description for a term which may 
extend to one year, or with fine, or with both’. 54 Although 
private exaction of forced labour seems to have been occasionally 
practiced even after the promulgation of the Code, we may still 
observe in the provision one of the important aspects of transition 
from medieval to modern period in Indian history. 


54 H. S. Gour : The Penal Law of India, Calcutta, 1910, Vol. II, Section 
374, pp. 1453-54. 
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in the 

Indian Economy* 


Though socialists in India, including Marxists, have been critical 
of the economic policies of the Government of India, they have 
generally welcomed the formation of the state sector and have 
seen in its expansion the strengthening of our economy. How- 
ever, the results of economic planning, the farce of the Fourth 
Five-Year Plan, the dominance of big business and the growing 
hold of foreign capital on our economy suggest that we reform- 
ulate our ideas on the nature of economic planning in the country 
and on the role of the state sector rather than issue appeals to the 
Establishment for “rethinking”. The following paper makes an 
effort to indicate some of the issues which need to be enquired 
into for a fresh understanding of the nature and impact of the 
state sector in India. 

Before we discuss these issues some comments are required on 
the use of the term State Capitalism. This is essential for con- 
ceptual clarity. Many writers, including certain Marxists, have 
used the term to designate the existence of a significant state 
sector within a capitalist framework of economy and have dis- 
tinguished it from purely private-enterprise capitalism. There 
does not seem to be any justification for this distinction. These 
are not two different categories of capitalism ; the state-ridden 
capitalism is only an outgrowth of free-enterprise capitalism and 
retains its basic features. Western capitalism has experienced 
increasing intervention and direct participation of the state in 
economic activity, also earlier, but particularly since the Second 
World War. 1 The original purely private-enterprise model has 

* This is the revised version of a paper presented at the First All- 
India Conference on Marxian Approach to Research in Social Sciences 
organised by the Indian School of Social Sciences, Trivandrum, June 
5 - 9 , 1969 . 

1 Such a state sector arises out of the economic needs of the bour- 
geoisie itself, and not in order to assuage the socialist consciousness of 
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lost its significance in the recent period. 

T. pnin himself applied the term state capitalism to the stage 
of transition between capitalism and socialism in the U.S.S.R., 
i.e. the period broadly covered by the New Economic Policy. But 
he gave it an entirely new connotation. “With us it is not the 
bourgeoisie but the proletariat which rules the state. State 
capitalism in our case means capitalism which we shall know 
how to restrict and to which we shall be able to set limits. ... It 
is that capitalism which we must circumscribe.” ( Principal 
Tasks qf Our Day, 1918.) In his various writings and speeches 
he made it clear that it would be a “transitional period” during 
which elements both of capitalism and socialism would co-exist ; 
but the “commanding heights” of the economy would be con- 
trolled by the proletarian state. This transitional state capitalism 
was necessary because the working class, though it held political 
power, had yet to acquire the technological knowledge and skill 
necessary to run the modern industry. 

My fear is that if we use the term state capitalism indiscrimi- 
nately to describe the existing state sector in India we might fall 
into the error of ascribing to it many of the features embodied 
in the state capitalism of Soviet Russia of the twenties, i.e. we 
might over-emphasise the “progressive role” of the state sector ; 
or we might think that the expanded state sector will facilitate 
the transition to socialism once the political power passes into 
the hands of the working class. 2 In the light of the past Marxist- 
Leninist analysis and the Indian experience of the working of 
the state sector both these positions seem to be incorrect. 

A shift is in fact discernible in the Marxist opinion in India 
in regard to the nature and role of the state sector during the 
last decade or so. The Amritsar Congress of the Communist 
Party (1958) had welcomed the formation of the state sector as 
a “progressive measure” and in its Resolution on National Cam- 
paigns allotted the first place to “Realisation of the targets of the 

people. It is, therefore, difficult to agree with E. M. S. Namboodiripad 
when he says, “Big business, however, knows that it would be extremely 
unrealistic to expect the policy of nationalisation to be completely given 
up. After all, this is an epoch in which the influence of socialism as an 
ideology is being felt throughout the world ; India therefore cannot be 
an exception to it.” ( Economics and Politics of India’s Socialist Pattern, 
p. 195.) 

2 Cf. for example, the remarks of Paresh Chattopadhyaya : “It must, 
however, be stressed that the development of State Capitalism is 
objectively a step forward compared to purely private enterprise capi- 
talism in that by creating a necessary material base, it facilitates the 
transition to socialism once the working class seizes the political power. 
( Alternate Policies for the Fourth Five Year Plan, Trivandrum 1969, 
p. 74. 


plan in a democratic way”. The Sixth Congress of the Communist 
Party (1961) in its document “New Situation and Our Tasks” 
noted that the formulations of the Madurai Programme of the 
Party “could not explain Bandung, they could not explain the 
Second Five-Year Plan.” 3 But the programme adopted by the 
Seventh Congress of the Communist Party (Marxist) 1964 is 
based on a different understanding. “The actual realities” it 
says, “show that the state sector itself in India is an instrument 
of building capitalism and is nothing but state capitalism. 4 

It is these “actual realities” of the Indian economic situation 
that need further enquiry and analysis. 

The origins of the state sector in India were not based on 
nationalization of any basic industries. Nationalization of air 
transport, of Imperial Bank and of life insurance, guaranteeing 
partial preservation of rights and payment of full compensation, 
has very little significance from the point of view of bringing 
about structural changes in the economy as these were not con- 
cerned with 'the production proper. 

The Congress Economic Programme Committee had envisaged 
nationalization of existing capitalist undertakings within a period 
of five to ten years after Independence. The Industrial Policy 
Resolution (1948) was a retreat from this position as these 
undertakings were now to be allowed facilities for expansion and 
efficient working. Nationalization was to be used, if at all, “as 
an expedient for increasing production, not a means for attaining 
a measure of social justice, or a different order of society.” 5 

As a result of virtual rejection of a policy of nationalization 
of industrial enterprises the capital for newly created enterprises 
within the state sector has had to come from the people through 
the channel of taxation and deficit financing. Through heavy 
reliance on indirect taxes the lower and middle income groups 
have been burdened further. 

It is true that an underdeveloped country has to pass through 
a period of great sacrifices to accumulate capital for industrial 
construction, more so since it has to invest a large proportion of 
its savings in heavy industry which requires a longer period of 
gestation, and the returns are small in the beginning. The sacri- 
fices would become economically unjustifiable and intolerable if 
inefficiency and corruption prevail in state enterprises as is the 
case in India today. According to the annual report on the work- 
ing of industrial and commercial undertakings of the Central 
Government for 1967-68, the overall performance of these under- 

* New Situation and Our Tasks, 1961, p. 13. 

4 Programme of the Communist Party of India, 1964, p. 8. 

B M. Kidron, Foreign Investments in India, 1965, p. 85. 
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takings during the period shows a net loss of Rs. 35.23 crores as 
against the loss of Rs. 10.18 crores during the previous year. 6 The 
state sector is thus indulging in reckless squandering of public 
funds. 

The more positive impact of the state sector on the economy has 
been in the building up of economic and social overheads. A 
major proportion of plan expenditure has gone not into industrial 
investment but into the strengthening of transport, communica- 
tions, generation of electricity, technical education, etc. This 
pattern of expenditure, by providing indirect subsidies, has greatly 
benefited the private sector and has pushed up the rate of profit 
on private capital. 

The state sector is also encouraging monopolistic concerns 
through its policy of supplying them with raw materials at rates 
cheaper than the actual market rate (for example the sale of 
state sector steel at low prices) , 7 The purchase policy of the state 
sector also works in a similar manner. Large firms have direct 
contacts with decision-making bodies and are givefi preference 
over smaller units. Apart from the contacts which monopolies 
have with the bureaucratic machinery of the state sector and the 
interlocking directorships between the private and the state 
sector, 8 the state sector finds it more convenient, in the interest 
of efficiency, to place its orders not with scattered but regular 
and fewer sources. 

No less significant is the role of the state sector as a financier 
of the private sector, especially of the big monopoly groups. 
According to a recent study undertaken by the Economic Times, 
the state sector financial institutions have become the premier 
underwriters for the capital issues of limited companies. The 
proportion of the capital issue underwritten by these institutions 
to the total amount underwritten rose from 37.7 per cent in 1962 
to 71.2 per cent in 1968 ; in terms of the total net issue, the pro- 
portion rose from 28.3 per cent in 1962 to 70.7 per cent in 1968. 9 
Moreover, as the Industrial Licensing Policy Committee noted 
recently, the underwriting institutions had to bear a compara- 
tively higher percentage of the underwritten amounts in the case 
of the larger industrial houses, because the market did not 

8 The Hindustan Times, 14 May, 1969. 

7 “Thus when put into practice, the vaguely socialist notion that public 
enterprises must render services at low prices in fact boosts considerably 
the returns on private capital.” (Gunnar Myrdal, Asian Drama, II, 
p. 819). 

8 For a fuller discussion, see E. M. S. Namboodiripad, Economics and 
Politics of India’s Socialist Pattern, p. 197. 

9 The Economic Times, Bombay, May 6, 1969. 


subscribe fully to the flotations. As for direct investment, the 
Life Insurance Corporation was committed from the beginning to 
support the private sector. Figures recently laid before the 
Parliament (16 May, 1969) make instructive reading. Out of 
Rs. 212 crores invested 'by the LIC in the private sector Rs. 134.89 
crores or about 64 per cent has been invested in the 75 groups 
listed as monopolies by the Monopolies Commission. Out of this, 
the top ten monopoly groups account for Rs. 57.41 crores or about 
27 per cent of the LIC’s total investment in the private sector. 

The recent nationalization of the fourteen major banks is a 
welcome step, but it is yet to be seen whether the credit policy 
of the nationalized banks will in practice be any different from 
that of the other state sector financial undertakings. 

The Government’s ‘licensing policy’, which is supposed to 
impose controls for the purpose of expansion in high-priority 
industries, has in practice been used by the big monopolies to 
exclude competition and pre-empt capacity in various industries. 10 
This has been shown in convincing detail by the Industrial 
Licensing Policy Committee whose report, covering the period 
1956-66, was released recently. It has been noticed by the Com- 
mittee that in the actual grant of licenses it is not only the medium 
and small business which is excluded from entering and 
expanding into various industries but the state sector under- 
takings also find themselves in the same position, being denied 
licenses, while the big business pre-empts future industrial 
capacity. 11 

Another very significant problem which needs further investi- 
gation is the relationship between the state sector and foreign 
capital and the wider implications of this relationship. The under- 
standing that “state capitalism” in an underdeveloped country, 
“may be progressive, at least in so far as it enables the country 
to fight for and consolidate its independence vis-a-vis imperial- 
ism”, 12 is not borne out by the Indian experience. Soon after 
independence the initial misgivings on the role of foreign capital 
were discarded. (It is interesting to note that the private sector 

10 This is brought home by the simple fact that in 1966 the large groups 
accounting for about 8 per cent of the total paid-up capital of limited 
companies, obtained 38 per cent of the licenses issued to the entire 
corporate private sector. 

11 For a very interesting discussion of excess capacity creation by the 
private sector, its financing with government’s support, and its use in 
the argument against expansion cf capacity in the state sector, see the 
paper by S. Ganguli, ‘Public Sector and Private Sector : Dynamics of the 
System’ in Alternate Policies for the Fourth Five-Year Plan. 

12 Paresh Chattopadhyaya in Alternate Policies for the Fourth Five- 
Year Plan, p. 74. 
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harboured these misgivings for a longer period than the Govern- 
ment of India.) The Fiscal Commission in its Report (1949-50) 
suSS^sted that foreign capital should be confined to projects in 
the state sector which depend on the import of capital goods and 
equipment and to those undertakings in the private sector which 
involve new lines of production. 13 The next stage was marked 
by ‘collaboration’ between foreign and Indian capital, and the 
state sector became a channel for the flow of foreign investments, 
loans and ‘aid’. 

The state sector has also been receiving a significant amount 
of aid and credit from socialist countries. In welcoming this aid 
Indian Marxists have often said that aid from socialist world is 
basically different in character from the aid from capitalist coun- 
tries because it is earmarked for the construction of heavy and 
basic industries on which depends the future rate of growth of 
our economy. But we should also note that socialist countries are 
developing economic ties with the private sector in India 
Russian credit was granted to Hindustan Gas Co. ; Hindustan 
Files, Calcutta, a subsidiary, received technical aid. Other 
Eastern European countries had entered into 70 collaboration 
agreements with privately owned firms by the end of 1964. 14 
While the socialist economic aid to the state sector implies eco- 
nomic and political support to the present political regime, its 
flow into private sector means strengthening of the capitalist 
structure of our economy. 15 I fail to see how Marxists can be 
ha PPy about either of these consequences. 

In regard to the question of relationship between a strong state 
sector and democracy I would venture to restate the position that 
the basis of any democracy is the socio-economic system which 
itself depends on the ownership of the means of production and 
the production relations of that society. 


13 M. Kidron, Foreign Investments in India, pp. 97-112 

14 Ibid., p. 116. 

15 This duality in Soviet practice is reflected in the statement in a 
recent Soviet work that “the main contradiction in independent India, 
in the view of the author of the present book, is the contradiction 
between the deformed and backward state of the national economy and 
the need for speedy and all-round economic progress.” (A. I. Levkovsky, 
Capitalism in India, p. 405.) Aid to both the State and private sectors 
can then be justified in the name of “economic progress”. 
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Vedanta Thought in the Dharmasastra 

In India a great number of law books have been composed since 
ancient time. They prescribe social systems, customs and daily 
activities, focusing their attention upon such problems as four 
castes and the four stages of life ( dsrama ) from the standpoint of 
Brahmanism. At first they were written in the comparatively 
concise sutra style and their contents also were brief and simple, 
but later, detailed law books containing the civil and the criminal 
laws were also produced. These were compiled and edited by 
the priestly Brahmans and the world view of Brahmanism is 
clearly seen in them. Among the Buddhist texts the Vinaya- 
Pitaka, which is one of the Trvpitaka, should be regarded as a 
kind of law book, but it is a legal work to be applied only to the 
order of monks and not to the general society. However, the 
law books edited by the Brahmans carry the banner of being rules 
and regulations for general society, and are completely different 
in their significance from the Vinaya-Pitaka. These law books 
compiled by the Brahmans have been regarded as the most 
valuable materials from which to get information about social 
conditions in ancient India. On the other hand, however, some 
scholars assert that these law books are nothing but the fantasies 
of the Brahmans of the priestly class, being quite far from the 
actual conditions of the real society of ancient India. 1 Therefore, 
a thorough-going investigation is necessary in order to make clear 
the historical and social significance of the Brahmanical law books, 

1 See such works as R. Fick, Die sociale Gliederung im nordostlichen 
Indien zu Budha’s Zeit, Kiel, 1897 and T. W. Rhys Davids, Buddhist 
India, London, 1902. 
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but I shall not now enter into this problem. What I wish to 
say is that since these law books are works by the Brahmans 
they are valuable materials which provide information about the 
thought of the Brahmans. It is needless to say that the Vedanta 
thought expounded in them should be highly evaluated as reveal- 
ing an aspect of the history of the Vedanta philosophy. 

The Vedanta thought appears especially in the Apastamba - 
Dharmasutra among the ancient law books. This work has been 
considered as one section of the Kalpasutra belonging to the 
Apastamba school, a black Yajurveda school in southern India 
and it is one of the oldest extant works. In I, 8, 22 and 23 of 
this work a Vedanta thought is explained and this section is in 
particular called the Adhydtmapatala. There is also its com- 
mentary entitled Adhydtmapatalavivarana ascribed to Sankara 
w ich has been published. 2 Depending upon this commentary, I 
shall translate it in the following pages. 

The authenticity of this commentary has been called into 
question. But it quotes mostly the ancient Upanisads and its 
literary style resembles that of Sankara. Moreover, as a com- 
mentary it is far more accurate than the Ujjvald Vrtti of Hara- 

l S 3 C T mentary on the entire Apastamba-Dharma- 
utra and shows that its author was versed in Vedic usage in 
Sanskrit. These facts may point to Sankara’s authorship of the 

tfc Xt ww n + lf Xt u n0t an authentic work of Sankara, I would 
think that it may be treated as his work. In other words it must 

ave been written by a scholar who had the same kind of learning 
and education as Sankara in a period not too far from him. 


1S - f- S ° C3lIed the Adhyatmapafalabhasya. Minor works of 
Shankaracharya, ed. by H. Raghunath Bhagavat' (Poona 1925 ) Z 422 
435. It is also published in the Trivandrum Sanskrit Series 

Ft’ IS) O p 0P 2 If™ 1 —"* - ***> 

or'ata/S'liJ.fV' Har * da,,a was tta 15th century 

rr ? 

(22, 5) „ r ' adS ff * «• 

on 22.6 is also unreasonable as Biihler savs but it , 

without much difficulty, if Sankara’s interpretation is take mtC7preted 

on SSym^gylo 3 theTigKS' inter P retation ° b ^ed 


Apastamba-Dharmasutra, I, 8, 22 

1. One should practice the yoga 5 concerning dtman, which 
accords with reason and does not fluctuate the mind. 8 

2. There is no higher [object] than the attainment of dtman. 

3. In order [to attain to] that dtman, we shall quote those 
sacred stanzas 7 which teach the attainment of dtman. 

4. All living creatures are the castle of that [dtman] which 
dwells in hiding-places, uninjured and spotless. Those who 
worship 8 the [ dtman ] which is immovable, abiding in the 
movable [phenomenal world], become immortal. 

5. Abandoning everything which is called the object [of the 
senses] in this world, a wise man should worship that [ dtman ] 
which dwells in hiding-places. 

6. If one says without attaining dtman within himself, “I wish 
to look for the place [as a clue to] cognizing that good [ dtman ] 
within the other things,” [the teacher tells him], “Serve this 
advantageous one ( hita ) who is great, whose body is luminous, 
and who is the lord kept in everything, and not the dis- 
advantageous ( ahita ) without being desirous [of the pleasure 
of the external world]. 

7. He, who is the eternal one in all beings, wise, immortal, 
constant, devoid of parts, soundless, bodiless, touchless, great 
and pure, is all and is the supreme goal. He is the centre [of 
all]. He is the city intersected with many streets. 9 

8. He, who worships it (= dtman), who always practices the 
life of the religious mendicant (pradhva ) 10 everywhere, and 
who sees [dtman], which is difficult to see, and subtle, with 
his mind under control, will rejoice in the heaven. 


Apastamba-Dharmasutra I, 8 , 23, 

1. The wise man who sees all beings within himself, who does 
not become deluded while pondering, and who sees himself 


5 yogah = akrodhadayah (Sankara). 

9 aniscarika niscarayanti mano ntahtsham bahirvi$ayebhya iti 
naiscarikah krodhadayo dosah, (Sankara). 

7 Sankara says that they are quoted from the Upanisads of other 
schools ( sakhantaropani?adbhyah . Haradatta says likewise that they 
are quoted from some Upanisads. 

8 anuti?fhanti = mamatmeti sak$at pratipadyante (Sankara). But I 
have followed Buhler’s interpretation of the word as worship. 

9 vaibhajanam puram. I have followed Buhler’s translation based on 
Haradatta’s commentary. Sankara interprets it as “discriminating itself” 
( vivekah atmanah). 

10 prddhvam bandhanam atmaikatvarasaprajnatam, sthiram bahyai- 
sayuvyvrttarupam sarvasamnyasalakfaytim (Sankara). 
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within all beings, is truly a “Knower of Brahman” 11 and shines 
forth in the uppermost world of the heaven. 12 

2. He who is the subtler than the thread of the lotus-fibre, 
keeps on covering all, who is larger than the earth, constant and 
persists to contain all, is the supreme one, divides himself, 
different from the knowledge of this world which is identical 
with the object to be perceived by the senses. All bodies spring 
from him. He is the root [of the world]. He is eternal and 
constant. 

3. But the destruction of faults results from the yOga here in 
this existence. Having eliminated [the faults] which destroy 
the creatures, the learned one arrives at peace ( ksema ) . 

4. Now we shall enumerate the faults which destroy the 

creatures. 

5. [They are] anger, exultation, wrath, covetousness, delusion, 
hypocrisy, violence, falsehood, gluttony, slander, envy, lust, 
secret hatred, neglect to control the senses, and neglect to con- 
centrate the mind. The destruction of these [faults] takes 
place through the means of yoga. 

6. Non-anger, non-exultation, non-wrath, non-covetousness, 
non-delusion, non-hypocrisy, non-violence, truthful words! 
moderate eating, non-slander, non-envy, the distribution of 
property, alms-giving, uprightness, kindness, tranquility of the 
mind, control of the senses, peace [with all beings], concentra- 
tion of the mind, noble conduct [becoming to an Aryan], warm 
feelings, contentedness — these are [the virtues] which must 
necessarily be observed throughout all of the [four] stages of 
life. 13 He who puts them into practice according to the rules 
becomes one who goes everywhere. 

In the above section sutras 22, 4-23, 3 are quotations from 
authoritative works prior to the Apastamba-Dharmasutra. As 
the commentator says, they may be cited from some Upanisads 
which were composed before that time, but cannot be located in 
the extant Upanisads. But the following instances are very much 
like the Kdthaka Upanisad : 

11 Brahma. It is a pregnant expression.. .See my Japanese translation 
of Mandukyakarika IV, 85, (see note 29 below), Vol. Ill, 6. Cf Chdnd 
Up. IV, 1, 7. 

12 ndkaprsfha. In India it is thought from the time of the Rgveda that 
the entire universe is round in shape. Therefore it probably points to 
the highest place Of this round shape. 

13 samayapadanlti / samayasthananity etat / avasydnutfheyanity arthah/ 
140 (Sankara). 
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Ap. Dh. S. Kdthaka-Up 

22, 4 ahanyamdna na hanyate hanyamane sarire (II, 18) 

nayam hanti na hanyate (II, 19) . (cf. 
Chdnd,. Up VIII, 10, 4: Bhag. G. II, 
19, 20) 

4 and 5, guhdsya esa sarvesu bhutesu gudhdtmd (III, 12) ; 

(= dtman) guham pravista (III, 1) ; guham pravisya 

(VI, 6; 7). ( eko devah sarvabhutesu 
gudhafy, Svet. Up. VI, 11) 

4, te’mrtdfy \bhavati] amrtds te bhavanti (VI, 9) . amrtatvam 

ca gacchati (VI, 8 ) . 

amrto bhavati (VI, 15) . amrtatvam eti 
(VI, 16). 

5, kavi (= krdntadarsin, 
medhavin, Sankara) 

(and 23, 1) v kavi (= medhavin, Sankara) (III, 14) 

6, tejaskdya tam eva bhdntam anubhdti sarvam tasya 

bhdsd sarvam idam vibhdti (V, 15) . cf. 
Mund. Up. II, 2,10 ; Svet. Up. VI, 14. 

(cf. the simile of sparks in the Up.) 

6, sarvatra nihitam viddhi tvam etan nihitam guhdydm (I, 

14). sarvabhutdntardtman (V, 10). 

6, mahdntam . . . 

sarvatra nihitam mahdntam vibhum (II, 20) . 

7, nityo vipascid na jdyate mriyate vd vipascin nayam 

amrto dhruvafy kutas cm na babhuva kascit / 

ajo nityalj, sdsvato’yam purdno . . . (II, 
18) 

7, anahgo’sabdo’sanro asabdam asparsam arupam avyayam 

’sparsas ca. tatha’rasam (III, 15) . 

1 , sa sarvam paramd kasthd sd para gatil} (III, 11). parami 

kdsthd. gati (VI, 10) . 

8, durdarsam nipunam na hi suvijheyam anur esa dharmah (I, 

21) . 

durdarsam gudham anupravistam guha- 
hitam (11,12).' 

(According to Jacob’s Concordance the 
word durdarsa is used only in the 
Kdthaka-Up .) 

modate svargaloke (I, 12 ; 18) . 


8, modeta vistape 



Kdthaka-Up 


Ap. Dfa. S. 

23, 1, nakaprsthe 

virdjati. brahmaloke mahlyate (III, 16). 

2 , aniydn bisorndya . . 

varsiydms ca anor aniydn mahato mahlydn dtmd (II, 

prthivydh . . . 20 ) . 

Some of the words, expressions, ideas and the like in the 

Adhyatmapatala are common to those in other Upanisads, but as 
is shown above, its accord with, or resembles to, the Kdthaka-Up. 
is_ overwhelming, and is conspicuous throughout nearly every 
sutra of the Adhyatmapatala. Moreover, it is especially to be 
noted here that, according to the opening and ending sutras of 
the Adhyatmapatala, it tries to teach the yoga concerning dtman 
(ddhydtmikayoga) , and Kdthaka-Up. 11,12, teaches that one 
should realize the state of final release by means of the yoga X 
concerning dtman ( adhydtmayoga ) . According to Jacob’s Con- 
cordance this technical term is used only in this place of the 
Kdthaka J Up. among the Upanisads which he dealt with. From the 
above facts we cannot but admit the existence of a remarkable 
resemblance between the Adhyatmapatala and the Kdthaka-Up. 
This may lead us to the following conclusion. 

As as already been discussed, 14 the Kathaka-Up. was composed 
during the period from 350 b.c. to 300 b.c. by (a) new poet 
thinker (s) who differed in the standpoint from the ancient Vedic 
theologians, and in the same current of thought were produced 
other Upanisads resembling remarkably the Kathaka-Up. At 
present these have not been handed down, but a very limited 
portion of them has been transmitted as quotations in the 
Adhyatmapatala of the Apastamba-Dharmasutra. Since the com- 
position of those Upanisads may have been around the same time 
as the Kdthaka-Up., that of the Adhyatmapatala would be at the 
earliest 300-250 b.c. The date of the present edition of the 
Apastamba-Dharmasutra can neither be earlier than that, nor 
can be by far later than that. 

So far it has generally been accepted on the basis of Georg 
Biihler s study that the Apastamba-Dharmasutra was composed 
in the 4th or 5th century b.c. The grounds for his arguments are 
as follows : Since the style and usage of words in the Apastamba- 
Dharmasutra show an archaic form which does not agree with 
the rules of Panini’s grammar, either the author did not know 

14 Cf. H. Nakamura, Shoki no Vedanta Tetsugaku (in Japanese) Vol T 

pp. 25-37. ’ ' ’ 

15 G - Biihler, The Sacred Books of the East, Vol. II, Introduction dd 

142 XL-XLIII. Cf. J. Jolly, Recht und Sitte, p. 3. P ' 
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the Pahini’s grammar (about 350 b.c.) or he did not think it 
important though he had known it. The archaic form of the 
book is not pseudo-archaic, since the irregularities in this book 
are peculiar to the Apastamba-Dharmasutra only and cannot be 
found in any other works. The Apastam,ba-Dharmasutra (I, 2, 5, 4 
and following) calls the famous Svetaketu “the man of his time” 
( avara ) who appears in the Satapatha-Brahmana and the 
Chdndogya-Up. It might, therefore, have been written in a period 
not too remote from that of this Ancient Upanisad. Therefore, 
we may say that the same work belongs to the 5th or 4th 
century b.c. 

However, those grounds alone are weak and flimsy. The fact 
that the text does not agree with the grammatical rules of Panini 
does not make possible the inference that it was composed prior 
to Panini. Although the sutra works employed special usage, it 
is not at all surprising on account of their character. But, since 
it can be supposed that by the time of Patanjali (about 150 b.c.), 
Panini’s grammar was relied upon and used in general among 
scholars, it may be well to judge that this work came into 
existence prior to that date. Again there is no necessity to think- 
that because Svetaketu is called “the man of his time”, the date 
of the Apastamba-Dharmasutra is close to that of the Chdndogya- 
Up. Panini clearly states that there are two kinds of the 
Brdhmanas, old and new. 16 Katyayana (about 250 b.c.) regards 
as “a man of his time” the famous Yajnavalkya who appears in 
both the Brdhmanas and the Upanisads, and calls him his “con- 
temporary” (tulyakala) , 17 For these reasons it is possible to 
think that there is several hundred years difference between the 
Apastamba-Dharmasutra and Svetaketu, even though the former 
calls the latter “the man of his time”. Therefore, it is by no 
means unreasonable to suppose that the Dharmasutra took its 
present from in 300-250 b.c. (or even later than that) , 18 But, 
since there seems to be also a great number of old elements in 
this work which had been handed down and written before that 
time and were put together finally in this period, a further investi- 
gation is required. 

16 Max Muller, A History of Ancient Sanskrit Literature (London, 
1859), p. 361. 

17 Max Muller, ibid., p. 363. 

18 According to Hopkins the Apastamba-Dharmasutra cannot have been 
in existence before the 2nd century b.c. As for the reason why it does 
not agree with Panini’s grammatical rules, it is explained as follows : 
The Fanini’s grammar chiefly lays down the usage of the Sanskrit of 
north and in the Andhra of the South-East coast ancient linguistic 
characteristics had been preserved until later centuries (Rapson, 
Cambridge History of India, p. 249). 
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The Adhyatmapatala is systematically organized. In the first 
two sutras it shows an outline of religious practice, next quotes 
passages from the Upanisads which explain dtman and finally 
lists the various virtues as the prescription of practice. As for 
the Upanisadic passages quoted in th Adhyatmapatala, they are 
not quoted at random but all of them are concerned with clari- 
fication of the nature of dtman. Even the Kdthaka-Up. which 
perhaps was composed in the same period as these passages and 
also has a close connection with them comprises not only such 
passages that explain abstractly the nature of dtman but also 
various extraneous arguments and many allegorical expressions 
whose meanings are not clear. This is a remarkable tendency 
especially in the ancient Upanisads. However, the Adhydtma- 
patala selects and quotes only those passages which explain 
clearly and straightforwardly what dtman is. Accordingly, from 
its method of quotation, we can infer the special attitude or 
standpoint of its editor. He selects the passages of the Upanisads. 
This attitude or standpoint can perhaps be said to be Vedantic. 
The Apastamba-Dharmasutra does neither refer to the Vedanta 
school nor is the author himself probably conscious of the fact 
that such a standpoint is Vedantic. But, we can find here the 
earliest germination of the Vedanta. 

Further, since this Adhyatmapatala explains clearly the nature 
of dtman, it is regarded as important in the later Vedanta school 
to such extent that it is quoted in the commentaries of the 
Brahmasutra by both Sankara and Ramanuja, 19 and that, as we 
have already pointed out, there is a commentary ascribed to 
Sankara. 

As for the thought of the Adhyatmapatala, it is almost the same 
as that of the Kdthaka-Up. in the major points. 

Atman is the essence of all, including not only human beings 
but all varieties of living beings. It is maximum and, at the same 
time, minimum, hidden in the innermost place of all individual 
selves. Especially the fact that all living beings, that is to say, 
individual selves are called “castle” reminds us of Ramanuja’s 
philosophy, according to which all the spiritual beings and the 
material world constitute the “body” of the Absolute. Further- 
more, dtman as the Absolute is said to be “good”, “eternal”, 
“constant”, “great”, “pure”, “immortal”, “wise”, “spotless”, 
“supreme”, “root”, “uninjured”, “advantageous”, “lord” and so 
on. These attributes are used in the other Upanisads as well and 
should not be regarded as peculiar to the Adhyatmapatala. 

19 Sankara ad Brahmasutra 11,1,1 (Vol. I, p. 421) ; ad 1,1,17 (Vol. I, 
p. 121. atmalabhan naparam vidyate = Ap. Dh. S. I, 8,22,2) ; Ramanuja 
144 ad Brahmasutra II, 1, 1 (p. 399). 






With regard to religious practice, it teaches the yoga of medi- 
tating on and worshipping dtman. It calls the state of final 
release “peace” ( ksema ) . It clearly admits that final release is 
attained in the present existence. On the other hand, the 
expressions such as : “He . . . will rejoice in the heaven” and “The 
wise man . . . shines forth in the uppermost world of the heaven” 
indicate the idea that complete release is attained in reaching the 
heaven after death. The Upanisadic passages quoted in the 
Adhyatmapatala are chiefly concerned with the life of the 
wandering mendicant, but in the end of the chapter it prescribes 
that one ought to practice the yoga of meditating on dtman 
throughout all the four stages of life, i.e., the student, house- 
holder, forest-dweller and wandering mendicant. Therefore, the 
author of the Apastamba-Dharmasutra does not give any one- 
sided judgement on the problem taken up in later centuries : 

Should one who meditates on dtman become a wandering mendi- 
cant or is he permitted to lead a life of the householder ? He 
must have thought that every member of the Aryan society 
should practice the above virtues. 

By the way, why did the author of the Apastamba-Dharmasutra 
set up the Adhyatmapatala with such contents ? The section is 
placed on the way of explaining the atonement for transgression 
in general, and the author intends to recommend the knowledge 
of dtman as the best means by which to purify the mind of those 
who have committed various sins. 20 It is, therefore, known that 
in the Brahman society of that time the knowledge of dtman was 
considered as capable of purifying the mind. It is to be noticed 
here that such a Vedantic thought is mentioned here as the 
world-view of the author himself and not a mere different 
opinion. Even in this period the Vedantic thought had already 
become a philosophy of the Brahmans. 

It is only the Apastamba-Dharmasutra among the Dharma- 
sutras in prose that sets forth the Vedantic thought. As for the 
Mimdmsd, it is referred to in various Dharmasutras. In 
Vasisthadharmasutra III, 20 and Baudhdyanadharmasutra, I, 1, 8a 
“Mimamsaka” is mentioned together with “one who knows the 
Angas” and “one who recites the works on the sacred law”. 21 
Calling the Karmamimamsd Nyaya, the Apastamba-Dharmasutra 
not only follows the words of “the man who knows the Nydya” 22 
but also lays down the same rules as those in the Mimdmsdsutra. 23 

20 G. Biihler, op. cit., p. XXIX. 

21 The Sacred Books of the East, Vol. XIV, pp. 20 ; 144. 

22 Ap. Dh. S. II, 4, 8, 13; II, 6, 14, 13. Cf. G. Biihler, op. cit., pp. XXVII- 
XXVIII. 

23 According to Biihler, what is laid down in Mamaysasutra I, 3, 3-4 is 145 
K 10 


It is, therefore, supposed that along with the Veddntic tendency 
the Karmamimamsd had already been established to some extent 
at that time. 

After an investigation of various Dharmasutras in prose we 
have to examine the Mdnavadharmasdstra. It is said that simple 
metrical sentences like proverbs were originally collected and 
edited into the present form of the text in the 2nd or 3rd cen- 
tury a.d. In the first and the last (12th) chapter philosophical 
thought is explained but as scholars have pointed out it is 
Vedanta philosophy remarkably blended with the Sdmkhya 
philosophy and influenced by Mahabharata XII. 24 For these 
reasons it should be studied in connection with the sdmkhya 
philosophy and the philosophy of the Mahabharata. Therefore, 
I shall omit it here. But in the Mdnava-Dharmasdstra there are 
some references to the study of the Upanisads and to its period 
and method. I shall examine them here since they give informa- 
tion about the transmission of the Upanisads. 

The Brdhmana (vipra) who initiates a pupil and teaches him 
the Veda together with the Kalpa and the Rahasyas, is called 
the teacher” [of the latter].” (11,140) 

“A twice-born must study the whole Veda together with the 
Rahasyas, performing various austerities ( tapas ) and the vows 
prescribed by the Vedic rules.” (II, 165) 

“He who studies the Rgvedasamhitd three times with a con- 
centrated mind or the Yajurvedasamhitd or the Sdmaveda- 
oSs t0g6ther With the Rahas y™ is freed from all sins.” 

Since it can be thought that, the “secret doctrine” ( rahasya ) 
mentioned here either refers to the Upanisads or at least includes 
the Upanisads, the compiler of the Mdnava-Dharmasdstra is of 
opinion that the Upanisads are to be studied together with the 
Samhitas. Therefore, the Upanisads are regarded as subordinate 
o the ' Vedas and have not yet come to be evaluated more highly 
th n£ the ^ arr f ll j as as is th e case with the later Vedanta scholars. 
nnrWiw students studied th e Veda (including the Upanisads) 

whS t hi h 7 S ' 25 Th ^? rahmans Wh ° taught them had families, 
wives and children. 2 * Therefore, the teachers were not wander- 
ing mendicants. On the other hand, it is prescribed, those who 

mentioned in Apastamba-Dharmasutra I, 1 , 14, 8-10. (Buhler on pit 

pp. XXVIII-XXIX). > 

™Manu ni r, 70^8 °* ManU ’ Intr0ducf:ion - PP- LXXIV, CX IV-CXVII. 
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study the Upanisads do not directly realize their thought but 
after completing their duties as householders, they should 
renounce the world, meditate on dtman and focus their attention 
to the Upanisads. For example, the Mdnava-Dharmasdstra 
prescribes that the Brahman who is a forest dweller, having 
undertaken various religious observances (diksa) , should study 
the Upanisads ( Aupanisadir dtmasamsiddhaye srutih [abhyaset, 
Comm.], VI, 29) . Concerning the wandering mendicants, it says: 

“One should always recite the sacred words [ of the Vedas ] 
with regard to the sacrifice, the sacred words related to the 
gods, and the sacred words concerning the dtman ( ddhyatmika ) 
taught in the Vedanta (V edantdbhihita) .” (VI, 83). 

According to the Mdnava-Dharmasdstra, it is possible only in 
the life of the wandering mendicant to seek final release through 
the Upanisads and it is strongly prohibited that the person who 
has not yet fulfilled his duties as a householder (the “three debts”, 
i.e., the study of the Veda, the sacrifices for the gods and the 
bringing up of offsprings) has the desire to seek final release. 

“After he has paid the three debts, let him turn his mind 
towards final release ( moksa ) . But he who seeks it without 
having paid [his debts] sinks downwards (= goes to hell).” 
(VI, 35) 

“Having studied the Vedas according to the rules and having 
begotten sons according to the sacred law, and having per- 
formed the sacrifices according to his ability, he then may turn 
his mind towards final release.” (VI, 36) 

“A twice-born man ( dvija ) who seeks final release (moksa) 
without having studied the Veda, without having begotten sons, 
and without having performed the sacrifices, sinks down- 
wards.” (VI, 37) 

He can become neither a forest-dweller nor a wandering 
mendicant without passing through the stages of a student and 
householder. And these stages have to be passed through in 
successive order (cf. VI, 34) . Therefore, although he studies the 
Upanisads when he is a boy or a youth, he realizes them after he 
becomes old and renounces the world. This may be comparable 
to the fact that in his old age a modern man can quietly appre- 
ciate and relish the classical works he studied when he was a 
boy or a youth. 

Such a wandering mendicant had no definite place to live, 
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wandered about here and there and stayed in the shade of a tree 26 
when he rested. Therefore, they had not yet known a group life 
in a great monastery. It may, therefore, be concluded that where 
the Mdnava-Dharmasastra was current there had not yet come 
into existence anything like the later Vedanta school, which 
specially respected and studied only the Upanisads by settling in 
a monastery. Moreover, the custom of immediately renouncing 
the world without going through the life of a householder, which 
is seen in later centuries, was not socially admitted as yet. 

The social significance of the Vedantic thought which is known 
from the Mdnava-Dharmasastra can also be recognized in other 
law books. For example, in the Ydjhavalkyasmrti, one of the 
most important law books of India, in which there is philosophical 
discussion, gives it incidentally, after it lays down the rules of 
the forest-dweller and wandering mendicant. According to the 
opinion of Losch, the portion of the philosophical discussion is a 
later addition to this law book , 27 but according to the opinion 
of its compiler the philosophical speculation on dtman is a matter 
of concern for the wandering mendicant. Therefore, in this point 
it is in accordance with the standpoint of the Mdnava-Dharma- 
sastra. 

As for the philosophy of the Ydjhavalkyasmrti , 28 it is, in its 
contents, a Vedanta thought blended with the thought of the 
Sdhkhya and Yoga. On this point as well it agrees with the 
Mdnavadharmasdstra. A detailed examination of this matter will 
be made on another occasion. But the statement in the text (III, 
110) that the Aranyaka Yajnavalkya obtained from the sun god' 
i.e. the Brhaddrany aka-Up., should be known, is to be noted from 
the standpoint of the history of the early Vedanta philosophy. 
Furthermore, the text says that the atman, like an immovable 
lamp, which abides in the center of the body should be realized, 
if he has realized it, he will not be born again in this world (III' 
109) . The view of dtman to be realized is typically a parinama- 
vdda. 

“Just as sparks fly out from a heated lump of iron, so do 
dtmans (i.e. individual selves) really come forth from the 
[single] dtman.” 

nifysaranti yathd lohapinddt taptdt sphulihgakdh | 
sakdsdd dtmanas tadvad atmdnah prabhavanti hi 1 1 (III, 67) 

28 Ibid., VI, 26. 

27 H. Losch, Die Ydjhavalkyasmrti : Ein Beitrag zur Quellenkunde des 
indisehen Rechts (Leipzig, 1927), p. 75 f. 

148 28 M. Winternitz, Geschichte der indisehen Litteratur, Vol. Ill, p. 499 
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This is a view of dtman which is widely seen in the Vedanta 
school in general as well as in the ‘Upanisads. And it is exactly 
the view which the 3rd chapter of the Mdndukyakdrikd and 
Sankara denounce and reject. 29 This portion in the Ydjhavalkya- 
sjnrti, which was probably formed later than the 4th century, 30 
reveals that such a view of atman was current among authors of 
the Dharmasdstras of that time. 

A great number of works of law books in addition to those 
mentioned above have been written and handed down today, 
and the Vedantic thought, which is frequently referred to in those 
texts, should be examined in the future. But the theory that 
one should practice both knowledge and action ( jhdnakarma - 
samuccayavdda) can be pointed out as one of the characteristics 
of the Vedanta thought which appears throughout the law books 
in general. This is the theory that religious practice should be 
combined with knowledge with which to contemplate Brahman 
in order to attain Brahman, the Absolute, one of them alone being 
insufficient to lead a man to final release. This is what Bhaskara 
emphasized later in sharp contrast with Sankara’s thought which 
attaches importance to knowledge (jhdna) only. But a tendency 
towards the former theory already appears in the law books. 

“He who acts thus will become one with Brahman.” 
Bawdhdyana-Dharmasutra II, 7, 13, 13) , 31 
“Just as [neither] horses devoid of carts nor carts without 
horses [can carry any load], so are both austerity ( tapas ) and 
knowledge [indispensable] to the ascetics.” ( Hdritasmrti VI, 
10, 10) , 32 

“Just as the birds indeed fly with two wings, so does one 
attain the eternal Brahman by both knowledge and action 
(jhdnakarma).” (ibid., VII, 10, 11). 

The similes given here are also used in Brahmasutra III, 4, 26. 

Thus the law books agree, in their thought, with the later 
Vedanta philosophy to a considerable extent, but the influence of 

29 With regard to each of those passages, see my notes on Mandukya- 

kdrika III, 15 (H. Nakamura, Shoki Vedanta Tetsugakushi (History of 
Early Vedanta, Vol. Ill, 6) and H. Nakamura, op. cit., Vol II 3 5 
pp. 24 ff. ’ ’ 

30 H. Losch, op. cit., Einleitung, p. XIV-XVII. 

31 evam acaran brahmbhuyaya kalpate / 

32 yathdsva rathahinas ca rathas cdsvair vina yathd / 
evam tapas ca vidyd ca ubhav api tapasvinah / / 
dvabhyam eva hi pak§abhyam yathd vai pak?inam gatih / 
tathaiva jhanakarmabhyam prapyate brahma sasvatam / / 

(Belvalkar, op. cit., pp. 168-169) 
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the law books upon the Vedanta is by far greater in respect of 
the rules of practice and life. The way of the ascetics’ practice 
and life is discussed in Brahmasutra III, 4, where the three com- 
mentators, Sankara, Bhaskara and Ramanuja, refer as its scrip- 
tural testimony to the Gautama-Dharmasutra, the Apastamba - 
Dharmasutra, the Daksasmrti, the Atrismrti and the Mdnava- 
Dharmasdstra , 33 Therefore, the law books seem to have exercised 
a great influence upon the rules of practice and life. 


II 

The Definition of Science in the Arthasdstra 
and the Upanisadic Study 

Alongside of the law books we must take up the Arthsdstras for 
discussion. The Indian people of the ancient period thought that 
the three objects ( trivarga ) to be sought for by mankind are 
dharma (virtue), artha (wealth) and kdma (love). The 
Dharmasdstras command the realization of order in human 
society whereas the Arthasastras teach how to obtain wealth most 
efficiently. The most important and representative example of 
the Arthasastras is the Kautiliy a- Arthasdstra traditionally 
ascribed to Kautilya (or, Canakya) , who was the prime minister 
of Candragupta, the founder of the Maurya Dynasty. It is a 
guide book for the statesmen concerning politics, economics, 
diplomacy, conduct of life and so forth. It is valuable for getting 
information about the actual conditions of the ancient Indian 
society. All of the contents, however, are not from the pen of 
Kautilya himself, but it is supposed that it assumed its present 
form perhaps in the 3rd century a.d . 1 

Since this work teaches chiefly the artifice and machination of 
politics without regard for the means used to obtain the objective, 
it has frequently been compared to the II Principe by Machia- 
velli, and its central thought is very utilitarian, realistic and 
materialistic. It seems that the author was deeply versed in the 
thinking way of the Vaisesika philosophy. 2 Therefore, its con- 
tents have almost no connection with the Vedanta philosophy. 
Let us, however, examine the text since there are very significant 
references to the social evaluation of the Upanisadic study. 

The Kautiliy a- Arthasdstra recognizes the four sciences (vidya) 
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33 Cf. H. Nakamura, op. cit., Vol. II, 4, pp. 75 ff. 

1 M. Winternitz, Geschichte der indischen Litteratur, Vol. Ill, p. 523. 
2 J. Jolly, Arthasdstra of Kautilya (Lahore, 1923), Introduction, p. 25. 


in the first chapter ( vidydsamuddesa ) , 3 They are (1) philosophy 
( dnviksiki ), (2) theology ( Vedic study, trayi) , (3) economics 
( vdrtta ) , and (4) judicature ( dandaniti ) . Among these sciences 
(1) philosophy comprises the Sdmkhya, Yoga, and Lokdyata 
(Sdmkhyam Yogo Lokayatam cety dnviksiki) . What is full of 
interest here is that it makes no reference to the two schools of 
Vaisesika and Nydya. The later Nydya school asserts that 
philosophy ( dnviksiki ) is nothing but the Nydya itself. Never- 
theless these two schools are not referred to in it. This may point 
to the fact that they may not have yet been fully recognized as 
a philosophic school of that time. Furthermore, neither the 
Mimamsd nor the Vedanta school are referred to. What is the 
reason for that ? It is an indubitable fact that in about 3rd 
century a.d. when the Kautiliy a- Arthasdstra was compiled into 
its present form, these two schools were already in existence, but 
the fact that here they are not referred to indicates perhaps that 
the author of the Arthasdstra did not recognize both schools as 
schools of philosophy. According to the Kautiliya-Arthasdstra, 
the essence of philosophy is the demonstration and investigation 
through reasoning ( hetubliir anviksamdnd . . .) , 4 But it is 
difficult to admit that the Mimamsd and the Vedanta are schools 
which carry on purely theoretical and philosophical speculation. 
Both schools regard the Veda as absolute and carry out philoso- 
phical speculation only in relation to them. Therefore, the 
Arthasdstra treats the two schools as belonging to the Vedic study 
(trayi ) . 

If we are more faithful to the historical fact, it is a new attitude 
that the author of the Arthasdstra made philosophy an inde- 
pendent science. Some other scholars do not accept inde- 
pendence of philosophy itself but regard it as a special 
field of theology ( trayi vdrtta dandanitis ceti Mdnavah / 
trayiviseso hy dnviksikiti /) /> In opposition to such a view 
the author of the Arthasdstra gives the three sciences, 
Sdmkhya, Yoga and Lokdyata, an independent academic status 
as philosophy, thinking that the three sciences should be dis- 
tinguished from theology. One is already seen in the old law 
books to contrast philosophy with theology. For example, the 
Gautama-Dharmasutra (XI, 3) says, “[The king] should be fully 
instructed in the threefold Veda and in philosophy” 6 ( trayydm 

3 Jacobi has already examined this place (‘Zur Fruhgeschichte der 
indischen Philosophie’, Sitzungsberichte der Preussischen Akademie der 
Wissenschaften in Berlin, 1911, p. 732 ff. 

4 J. Jolly, op. cit., p. 4. 

5 J. Jolly, op. cit., p. 4. 

6 I have followed Jacobi, op. cit. 
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anviksikydm cdbhivinitah) . Accordingly, the tendency to regard 
philosophy as an independent science had already existed from 
ancient time, but it is probably the Kautiliya-Arthasastra that 
particularly emphasized this point. In view of such facts it would 
seem reasonable that the Mimdmsd and the Vedanta school which 
had a close relationship with the Veda were included in theology 
( Vedic study) . 

Therefore, even in this period one group of the Brahmans who 
followed the Upanisads continued to exist but the author of the 
Arthasastra looked upon them as a group of Vedic theologians 
rather than philosophers who carried on logical speculation since 
they were still scholars of exegesis from the viewpoint of the 
author of Arthasastra. It is, therefore, not at all surprising that 
neither Mimdmsd nor Vedanta is mentioned. 

The same evaluation is seen in the case of the Arthasastra 
scholar, Kamandaki (6th century) 7 * * He also thought the sciences 
of the Mimdmsd and Vedanta could be included in the Vedic 
study ( trayi). s Again the opinion which sets up only fourfold 
science, i.e., philosophy, theology, economics and judicature was 
accepted by the YdjnyavalkyasmrW » (I, 310) and the scholars 
of the Nydya school. Further, as we shall mention later, 10 such 
an evaluation of the Vedanta school was also inherited by the 
Nydya school. Therefore, the method of classifying sciences in 
the Kautiliya-Arthasastra had long been a model and restricted 
later scholars, by whom the Upanisadic study was not accepted 
as an independent philosophy. 11 

By the way, the fact that the author of the Arthasastra 
neglected the Vedantic study, thinking it to be a kind of Vedic 
theology , reveals that the V eddnta philosophy was outside his 
interest. His main concern was with the means by which to 
strengthen his country and to increase power. It is natural that 
the kings, politicians, or the worldly Brahmans as their advisors, 
who were in such mentality that they stick at nothing to gain 
their ends, employing every possible form of tactics, kept them- 

7 According to the study undertaken by Formichi from the astronomical 
point of view Kamandaki died at the same time as Varahamihira, who 
died m a.d. 587, or a little before that. Jacobi has confirmed the theory 
of Formichi with the consideration of other data (cf. Jacobi, op. cit). 
However, Winternitz, op. cit., p. 526 assigns him to the date a.d. 700-750. 
angam Vedas catvaro Mimdmsd Nyayavistarah / 
dharmasastram Puranam ca Trayidam sarvam ucyate / / 

Cf. updngadvitayam caitan Mamamsa Nyayavistarah, 

... TTTT . Ahirbudhnyasamhitd XII," 12. 

Hut Many, VII, 43 distinguishes trayi vidyd from a tma vidya. 

10 Cf. H. Nakamura, op. cit., Vol. I, pp. 485 ff. 

152 11 Winternitz, op. cit., p. 540. 


selves far from the Vedanta philosophy. 

The Kamasastras are also completely the same in the point that 
they neglect the Vedantic thought. It has frequently been 
pointed out that the Kdmasutra (4th century a.d.) , the oldest 
extant text of this kind, is similar to the Kautiliya-Arthasastra in 
its construction and way of expression. Its author affirms that in 
order to enjoy sexual pleasure one may violate the moral codes 
and perform such illegal action as can be regarded as crime. He 
asserts that the science of kdma can be established as those of 
dharma, artha and moksa can be. Therefore, it cannot be 
imagined that he totally denies the Vedanta which teaches moksa. 
However, his concern was perhaps completely disconnected from 
the mentality of the Vedantic seekers. Since he taught for the 
city-dwellers ( ndgaraka ), the debauchees who indulge in enjoy- 
ment in cities were widely separated from the Vedanta 
philosophy. 

From the above facts we could come to the following conclusion: 
until the period of the 3rd or 4th century a.d., the kings and 
wealthy merchants of large cities were absorbed in aggressive 
warfare in order to increase their power over other countries or 
were busy acquiring huge amount of wealth and property or 
spent every night in the sexual enjoyment and pleasure of 
sumptuous feast. These rulers and influential people of cities 
did not pay so much attention to the Vedanta philosophy. There- 
fore the Upanisads were handed down and studied in a different 
social footing. 
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66 Numberless ” in 
the Mahabharata 


The literature of each highly developed civilization possesses a 
rich stock of poetic and symbolic phrases. The poetic phraseology 
and some poetic conventions, invented by each such civilization, 
and consequently more or less imbued with distinctive cultural 
features, lead us back to the mythology of antiquity and cause 
us to reflect on the peculiarity of that individual culture. Sans- 
krit literature, which developed through the ages a number of 
figures of speech, is no exception to this rule. Similes and meta- 
phors appeared as early as in the oldest text, the Rgveda , 1 and 
fully developed by the age of the Gupta empire, and finally were 
elaborately refined by such skilled poets as Bharavi, Magha, Bana, 
Subandhu, and Sriharsa . 2 These poetic techniques were studied 
and classified systematically by many critics of poetry, who 
established rules for poetical conventions ( samaya ) , 3 Poets and 

1 Cf. A. Hirzel, Gleichnisse und Metaphern im Rgveda (Leipzig, 1890). 
A. Bergainge, “Quelques observations sur les figures de rhetorique 
dans le Rig- Veda,” Memoire de la societe linguistique de Paris 4 
pp. 96 if. 

A. Weller, “Zu einigen Metaphern des Rigveda,” Z eitschrift fur 
Indologie und Iranistik 5 (1927), pp. 178-184. 

“Vergleichungen im Rigveda,” Festschrift R. Garbe (Leipzig, 1927) 
pp. 54 ff. 

A. Venkatasubbiah, “Some Similes in the Rig-Veda,” The Aduar 
Library Bulletin 28 (1964), pp. 161-207. 

2 Cf. H. von Glasenapp, “Das Gleichnis in der Vedanta-Philosophie ” 
Festschrift W. Kirfel (Bonn, 1955), pp. 87-l»0 and notes 1 and 2 
(cum lit.). 

K. C. Fillai, Similes of Kalidasa (Calcutta, 1945). , 

M. D. Paradkar, Similes in Manusm r ti (Delhi, Patna, Varanasi 1960) 
M. Hara, “Moon-similes in Bhasa’s Plays,” Festschrift R. Yuki 
(Tokyo, 1964), pp. 109-133. 

3 For example, the Kavya-mimamsa, chapter 14 deals with jati- 


those critics of poetry exerted a mutual influence on each other 
and seem to have contributed to the refinement of the Sanskrit 
poetical phraseology. 

Numbers in Sanskrit literature were also influenced by a kind 
of poetical convention. But in the case of numbers an ancient 
magical belief was also present. In ancient India, number was 
originally considered to be an attribute of substance , 4 and sub- 
stance and attributes inherent in substance were believed magic- 
ally to constitute unity . 5 Influenced by the belief in the magical 
essence of numbers, ancient Indians supposed some numbers to 
connote certain objects and to be substitutes for the objects 
themselves. A typical example is the number six, which is the 
number of seasons and consequently was regarded to represent 
the seasons themselves. Similarly, the number three represented 
the steps of the god Visnu, the number five represented the 
elements ( bhuta ) and the number seven represented the 
ancient sages . 6 These numbers were more or less fixed, and 
understood to be peculiar to particular objects. For this reason 
in astronomy, mathematics and metrics manuals as well as in 
inscription and manuscript dates numbers were expressed by 
names of things, beings or ideas, which connoted numbers . 7 
Because these numbers were commonly understood in the society 
of educated people, numbers were used in sophisticated conun- 
drums in ancient India . 8 Moreover, the idea of holy numbers 


dravya-kriyd-samaya ; and chapter 15, with guna-samaya (white- 
ness for laughter and fame, blackness for ill-fame and evil deeds, 
redness for anger, etc.). 

4 Cf. the Vaisesika Sutra 1. 1. 6. 

5 Cf. B. Heimann, “Die Dingbeziehungen in den alten Upanisaden,” 
Z eitschrift fur Indologie und Iranistik 6 (1928), p. 85. 

6 For a classified list of numeral symbolisms, cf. G. Biihler, Indische 
Palaeographie (Strassburg, 1896). pp. 80-83 and P. V. Kane, History 
of Dharmasdstra, vol. 5, pp. 701-703. Cf. also Mahabharata 3.134.7-19 
and Surya-sataka 13. 

7 Cf. G. Biihler, op. cit., p. 80. 

8 For example, Rig Veda 4. 58. 3, which is originally sung for the 

Soma, is interpreted in various ways. 

catvari srhga trayo ’sya pada dve sirse sapta-hastaso asya (ab) 
Patanjali interprets the four horns as four parts of speech, three 
feet as three tenses, two heads as nominal and verbal endings, and 
seven hands as seven cases. Besides those sacrificial and gram- 
matical interpretations another interpretation is introduced by 
Sayana ad loc. For this stanza, see also, 

B. Liebich, “uber den Sphota,” Zeitschrift der Deutschen Morgen- 
landischen Gesellschaft 1923, p. 213. 

P. C. Chakravarti, Philosophy of Sanskrit Grammar (Calcutta, 1930) 
pp. 19-20. 


was expressed in Sanskrit literature, 9 and there were also certain 
exaggerated great numbers (88.000, etc.), which ancient India 
seems to have shared with ancient China. 

Those number symbols 10 should be studied philologically and 
arranged chronologically, but an exhaustive investigation would 
require us to spend a vast amount of time and energy. Here, in 
this paper, we shall limit ourselves to collecting the expressions 
for “numberless” which are scattered in the great Epic,' Majm- 
bharata. 11 After arranging those expressions systematically and 
examining them carefully, we hope to discern the particular 
objects about which ancient Indians held the idea of numberless- 
ness. A future comparative study of expressions of this kind 
which are found in the literature of various cultures may also 
enable us to discover ways of thinking peculiar to these cultures. 


9 Cf. S. Rodhe, Deliver us from Evil, Studies on the Vedic Ideas of 
Salvation (Lund-Copenhagen, 1946), p. 15, note 88 (cum lit). 

J. Gonda, Change and Continuity in Indian Religion, p. 124, note 46. 

10 For the numbers one and two, cf. J. Gonda, Reflections on the 
Numerals '‘One’’ and “Two” in Ancient Indo-European Languages 
(Utrecht, 1953). For the number three, cf. G. Dumezil, L’ideologie 
tripartite des Indo-europeens (Bruxelles, 1958) and J. Brough, “The 
Tripartite Ideology of the Indo-europeans : An Experiment in 
Method,” Bulletin of the School of Oriental and African Studies, 
University of London 22, 1959, pp. 68-85. 

As for the significance of particular numbers, I list below at 
random the studies carried out by modern scholars with respect to 
the follows numbers : 

7 : J. Gonda, Aspects of Early Visnuism (Utrecht, 1954), p. 59, note 28 

(cum lit.). 

8 : R. B. Pandey, Hindu Samskaras (Benares, 1949), p. 257. 

9 and 10: J. C. Heesterman, The A.ncient Indian Royal Consecration 

(The Hague, 1957), pp. 176-177. 

12 : Heesterman, op. cit., p. 176 and E. W. Hopkins, The Great Epic 
of India (New Haven, 1920), p. 371. 

16 . Heesterman, op. cit., p. 13 and J. Gonda, Change and Con- 
tinuity in Indian Religion (The Hague, 1965), pp. 115-130 (cum 
lit.). 

^ • Heesterman, op. cit., p. 135 and J. Gonda, Ancient Indian King- 
ship from the Religious Point of View (Leiden, 1966), p. 84. 

18 : Hopkins, op. cit., p. 371. 

21 : Heesterman, op. cit., p. 99. 

For the numbers 5 and 12, cf. also J. F. Kohl, “Einige Bemerkungen 
zur Zahlensymbolik und zum Animismus in botanischen System des 
Jaina-kanon,” Festschrift W. Kirfel, pp. 125-135. 

11 References to the Mahabharata are based upon the Poona Critical 
156 Edition. 
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In the sravana-phala of the Siva-stuti-mahdtmya, we read as 
follows : 

ydvanty asya sarlresu roma-kupani bhdrata 

tdvad varsa-sahasrani svarge vasati manavafy (13.18.59) 

“A man (who recites this) resides in heaven for as many 
thousand years as there are pores on his body ( sarira ) .” 

The innumerable character of pores is repeated in a similar 
context, where the merit of giving is praised as follows : 

ydvanti roma-kupani tasya gdtresu pandava 
tdvanty eva sahasrdni varsandm divi modate (13.109.61) 
“Such a person enjoys (all kinds of happiness) in heaven for 
as many thousand years as there are pores on his body 
( gdtra ) .” 12 

Besides the pores on the human body, the hairs of a cow are 
considered to be innumerable. In praise of the merit of giving 
a cow, it is said : 

dhenum dattvd suvratdm sadhu-dohdm kalydna-vatsdm 
apalayinim ca 

ydvanti romani bhavanti tasyas tdvad varsdny asnute 
svarga-lokam (3.184.9) 

“By giving a cow that is of good disposition, that yields her- 
self properly to be milked, that brings forth good calves, and 
that does not flee away (from the owner’s abode) , the giver 
enjoys felicity in heaven for as many years as there are hairs 
on her body.” 13 

12 Cf. Kurma Purana (the Venkatesvara Edition) 1. 36. 48 and 1. 38. 4 ; 

tasya ydvanti lomdni santi gdtresu sattama 
tdvad varsa-sahasrani rudra-loke mahiyate (1.36.48) 
ydvanti roma-kupani tasya gdtresu bhumipa 
tdvad var$a-sahasrdni svarga-loke mahiyate (1.38.4) 

13 Cf. the following Epic passages with slight variations : 

dattvd dhenum suvratdm kamsya-doham kalydna-vatsdm 
apalayinim ca 

ydvanti lomdni bhavanti tasyas tdvad varsdny asnute 
svarga-lokam (13.70.32) 

dattvd dhenum suvratdm sadhu-vatsam kalydna-vrttdm 
apalayinim ca 

ydvanti lomdni bhavanti, tasyas tavanti var$ani vasaty 
amutra (13.72.42) 
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The same merit is described again in a similar context : 

ydvanti lomani bhavanti dhenvas tavat phalam prdpnute 
go-pradata 

putrdms ca pautrams ca kularn ca carvam a saplamam 
tar ay ate paratra (13.59.29) 

“Such a person, who gives a cow, enjoys as many fruits (of 
his good conduct) as there are hairs (on the body) of the 
cow, and rescues in the next world (from the misery of hell) 
his sons, grandsons, and all his race up to the seventh 
degree.” 14 

In the next verse, the first quarter of the previous verse is 
repeated, and the remainder promises to the giver of a cow a 
different kind of reward : 

ydvanti lomani bhavanti dhenvds tdvanti varsdni 
mdhiyate sa\ 'j, 

svargdc cyutas cdpi tato nr-loke kule samutpatsyati 
gomindm sab (13.78.27) 

“The man who makes a gift of a cow is honoured (in the 
next world) for as many years as there are hairs (on the 
body) of the cow. Falling off from heaven (upon the 
exhaustion of his merit) such a man will be born in a family 
of men, rich in herds.” 

It is also believed that imperishable worlds of felicity exist in 
each and every hair of a cow. Though the meaning of the verse 
is somewhat obscure, a verse which praises the merit of giving 
a cow to a Brahmin reads as follows : 

yas cdtma-vikrayam krtva gab kritvd samprayacchati 
ydvati} b sparsayed ga vai tavat tu phalam asnute 
lomni lomni mahabhaga lokas casyaksayah smrtah 

(13.72.33) 

14 Usually the expression of “up to the twenty -first degree” appears 
rather than “the seventh degree (cf. Vayu Parana 105. 11).” Cf. 
trih-sapta-kulam : Vayu Puran 105.44, 106.86, 112.58, Linga Parana 
107.42, 112.26, Saura Purana 65.82. 

eka-vimsati-kul&ni : Vayu Purana 112.27, cf. Kurma Purana 2.41.77 
kulaikavimsatim : Agni Parana 375.5, Saura Purana 69.20 
trisapta-puru§anvitah : Saura Purana 46.51 
Cf. also Mahabharata 1.86.7, 12.235.23, 13.61.34, 13.83.27. 

In connection with Parasurama (trih-sapta-kftvah) , cf. Mahabharata 
1.58.4, 1.98.3, 3.117.9, 8.22.39, 12.48.9-io, 13.14.138, 13.83.30, 14.29.18 and 
Brahmand-a Purana 3.46.36. 


“That man who sells himself 15 and with the proceeds thereof 
purchases cattle and gives them (to a Brahmin) enjoys as 
much felicity ( phala ) (in the next world) as there are (the 
hairs on the body of) the cattle he would touch. It is tradi- 
tionally said that there exist inexhaustible regions (of 
felicity) in each and every hair of those cattle, O thou of 
great fortune !” 

The innumerable character of a cow’s hairs is also referred to 
in quite an opposite context : 

ghdtakah khddako vapi tathd yas cdnumanyate 
ydvanti tasyd lomani tdvad varsdni majjati (13.73.4) 

“All these, viz., he that kills, he that eats, and he that permits 
the slaughter of a cow, rots in hell for as many years as there 
are hairs on the body of the cow (so slain) ,” 16 

The hairs of a horse appear in place of those of a cow where 
the giving of a horse is praised : 

ydvanti romdni haye bhavanti hi naresvara 
tavato vdji-dd lokdn prdpnuvanti mahipate (5.112.19) 
“Those who give a horse attain as many worlds (of felicity) 
as there are hairs (on the body of) the horse.” 

Beside hairs of cows and horses, those of bear seem to be noted 
for innumerability. In praise of the merit of fasting for five 
days, it is said : 

ayutdni ca pahcdsad rksad-carma-satasya ca 
lomndm pramanena samarn brahma-loke mahiyate 

(13.110.28) 

“He is honoured in the region of Brahman for fifty million 
years, the number being equal to the number of the hairs 
found upon the skin of one hundred bears.” 17 

15 Usually, and especially in the Puranic literature, -vikraya contains 
a sinful connotation as is seen in the case of soma-vikraya or veda- 
vikraya (cf. Kurma Purana 2.21.29). But here it is used in a “good” 
sense. 

16 For this “remaining in hell,” compare the following passages, 

apahrtya tu yo gam vai brahmanaya prayacchati 
yavad dane phalam tasyas tavan nirayam rcchati (13.73.6) 
amantritas tu yah sraddhe daive va mdmsam utsrjet 
ydvanti pasu-romani tavato narakan vrajet 

{Kurma Purana 2.17.40) 

17 An expression of hairs of animal with no specification of the parti- 
cular animal is found in the Kurma Purana 2.17.40 (p asu-roma). 
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Beside pores and hairs, human bones are mentioned in a some- 
what similar context. In praise of the merit of bathing in the 
River Ganges it is said : 

ydvad asthi manusyasya gangd-toyesu tisthati 
tdvad varsa-sahasrani svargam prdpya mahlyate (13.27.31) 
“He (who bathes in the water of the Ganges) is honoured 
after he has attained heaven for as many thousand years as 
his bones remain in the water of the Ganges.” 18 

Although here the passage is somewhat similar to those which 
we have discussed above this verse speaks of the imperishability, 
rather than the innumerability, of bones which are scattered into 
the sacred river after cremation. 


Ill 

Apart from those parts of living beings, such as pores, hairs, and 
bones, numberlessness is also attributed to natural objects. 
Among these natural objects sand comes first, as in the Old 
Testament. 19 In an account of the abundant gifts of the king 
Gaya, we read as follows : 

ydvatyal i sikatd raj an gangdyah purusarsabha 
tdvatir eva gdfy prdddd dmurtarayaso gayaty (12.29.111) 
“The king Gaya, son of Amurtarayas, gave (to Brahmins) as 
many cows as there are s^nds (on the banks) of the River 
Ganges.” 

Beside sand, stars and rain drops are referred to as being innumer- 
able. In praise of the same generous king, it is said : 

sikatd vd yatha loke yathd vd divi tdrakdh 
yatfva vd varsato dhard asamkhyeyds ca kena eit (3.121.8) 
“ (The king Gaga gave abundant gifts to Brahmins) enumer- 
able by no one, as sands on the earth, stars in heaven, and 
lines of rain (in between).” 

18 Cf. Karma Parana 1.37.32 

ydvad asthlni gangayam tisthanti purusasya tu 
tdvad varsa-sahasrani svarga-loke mahiyate 

19 Cf. The Old Testament, Genesis 22 : 17 and Hosea 1 : 10. I owe these 
references to Mrs. Russell Munk. Sands are also familiar in Japanese 
proverbs. 


Rain drops, perhaps more than sand and stars, are especially 
noted for innumerability. While promising a reward to a poor 
man for fasting equal to the reward given to a rich for a pompous 
sacrifice, Bhisma said to Yudhisthira : 

ydvad varsa-sdhasram tu jambu-dvipe pravarsati 
tavat samvatsarafy proktd brahma-lokasya dhimatah (128) 
viprusas caiva ydvantyo nipatanti nabhas-talat 
varsdsu varsatas tdvan nivasaty amara-prabhah (13.110.129) 

“Endowed with great wisdom he resides in the region of 
Brahman for as many years as are measured by the drops 
of rain that fall in the course of a thousand years on the 
division of the Earth which is called Jambudvipa. Possessed 
of the effulgence of a deity he lives there for as many years 
as the drops of rain that fall from the sky in the season of 
showers.” 

In addition to sand and rain drops, the great River Ganges 
seems to have been known for her innumerable under-currents. 

In a dialogue between the God Brahman and the king Bhaglratha, 
who attained the world of Brahman, we read as follows : 

srotas ca ydvad gangdyds channam dsij jagat-pate 
daksindbhify pravrttdbhir mama nagdm ca tat-krte 

(13.106.24) 

“ (In those sacrifies) , O Lord of the Universe, the presents 
that flowed from me were as copious as the hidden streams 
of the Ganges herself. But it is not on this account that I 
attained (this region of yours) .” 

Stones found in the great mountain, Meru, and drops of water 
in the ocean are also impossible to count. In emphasising the 
innumerability of merits which are attributed to the sacred river 
Ganges, it is said : 

merol i samudrasya ca sarva-ratnaity samkhyopalandm 
udakasya vapi 

vaktum saqyam neha gangd-jaldndm gundkhydnam 
parimdtum tathaiva (12.27.97) 

“One might, putting forth one’s whole wealth, count the 
stones that occur in the mountain, Meru, or measure the 
waters that occur in the ocean, but it is impossible for him 161 
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to count the merits ( guna ) attributed to the water of the 
Ganges.” 

Twinklings of eyes are innumerable, too. Though the meaning 
is not entirely clear, a verse which praises the merit of giving 
a lamp to a Brahmin reads as follows : 

yavad aksi-nimesdni jvalate tdvatih samalj, 
rupavan dhanavams cdpi naro bhavati dlpa-dah (13.103.37) 
“The man who gives a lamp becomes endowed with beauty 
and wealth for as many years as correspond to the number 
of twinkles (viz., instants) for which the lamp given by him 
will blaze.” 


IV 

From the above investigation the following points become clear : 
The objects which the ancient Indians considered to be innumer- 
able are not too many in number, but are various in nature. 
However, we can classify them into two categories. Those 
belonging to the first category concern parts of bodies of living 
beings. Among these are human pores, hairs of animals, and 
human bones, although imperishability of bones, rather than their 
innumerability seems to be implied. Those belonging to the second 
category are objects of the natural world. Among them are sands 
on the banks of the River Ganges, drops of water in the ocean, 
stones in the great mountain, and hidden streams of water in 
the great river. All these exist on the earth. In heaven, stars 
are considered to be innumerable. Further, between heaven and 
earth rain drops and lines of rain are said to be numberless. 

But, if we look at those passages in which innumerable things 
are mentioned from a different angle, we further discern some 
deeper socio-religious significance. First, the passages in which 
the innumerable objects are described are more or. less those 
which speak of the merit of good deeds and the punishment of evil 
conduct. Promises of reward and warning of punishment have 
a bearing on the future world in one way or the other, which 
surpasses the imagination of human beings in this world. End- 
lessness, or innumerability, seems to belong to the next world, 
rather than to this world. Second, we do not miss the totemistic 
implications of those passages which promise rewards attendant 
to giving particular animals to Brahmins. Those who give a cow 
will enjoy felicity in heaven for as many years as the number 
of the cow’s hairs, and those who injure a cow will suffer punish- 


ment in hell for the same number of years. 20 The description of 
the merits of giving a horse is only a variation of the description 
of the merits of giving a cow, substituting a horse’s hairs in place 
of cow’s hairs. This correspondence between the giving of a cow 
and the cow’s hairs seems to extend to the giving of a lamp and 
twinkles. Lamps, or more precisely light, and eyes are related 
to each other, and their relationship is fully discussed in ancient 
Indian epistemology. This correspondence between light and 
eyes is proved not merely by ordinary optical experience, but also 
by the etymological derivation of the Sanskrit word for eyes 
( caksus , ca-ks-us) from the verbal root for light or shine (Ms-) . 

But above all, throughout those passages a religious atmosphere 
predominates. There are enumerated merits, that belong to the 
sacred River Ganges, that result from hearing the greatness of 
the God Siva, or that come from religious donation of a sacred 
animal, a cow, to a Brahmin. 

In concluding this paper the writer prays that Professor 
Kosambi will enjoy felicity in heaven. Not necessarily as a result 
of merit obtained by giving a cow, but because of the merit of 
his learning, may the great scholar, Professor Kosambi, be 
honoured in heaven for many thousand years!!* 


20 One is reminded of the famous folk etymology of the Sanskrit word 
for meat ( mamsa ). 

mam sa bhaksayitamutra yasya ihadmy aham 
etan mamsasya mdmsatvam pravadanti manlsinah 

( Manusmrti 5.55) 

“Me he ( mam sah )” will devour in the next world, whose flesh I eat 
in this life ; the wise declare this (to be) the real meaning of the 
word “flesh ( me-eat ).” 

Cf. also the Mahabharata 13.117.34. 

* I would like to express my deepest thanks to Mr. Russell L. Munk 
for kindly reading and offering certain suggestions with respect to the 
English of my original manuscript. 
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Aspected Logical 
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Madhyantanugama-sastra 
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Interpreting what is said as the three aspected logical reason in 
Asariga’s Madhyantanugama-sastra, Prof. H. Ui divided the text 
concerned into the four parts, each part indicating 1. paksa 
dharmatva, 2. vipakse nastita, 3. sapakse sattva, 4. an example 
of the demonstration which is basing on the three aspected 
logical reason. 1 

There is a problem, according to Prof. Ui, on the part indicating 
3, since this part can be understood as “isvapaksa is established 
too”. 

Prof. Hadano has shown his interpretation in three ways, in one 
of which, taking the parts indicated as 2, and 3 as avlta, he con- 
cludes that what are said there is the explanation on vita and 
avlta. 2 

Agreeing with Prof. Hadano’s view, the author of the present 
article takes the part indicated as 1 for vita, the part as 4 for 
vakya which is expressing vlta-hetu. 

The part indicated as 1 is exactly expressing paksadharmatva. 

Vita-hetu is parallel to paksadharmatva 3 and later on clearly 

I am deeply indebted to Prof. V. V. Gokhale for his guidance in study- 
ing the Tibetan Tarkajvala, Chap. 6, in the light of Sanskrit text of 
the Madhyamakahrdaya. He has also kindly improved my English. 

1 am deeply indebted to Prof. H. Nakamura too for his important 
suggestions and advice in preparing this article. 

*H. Ui : Studies in Indian Philosophy, Vol. V, (Tokyo, 1929), pp. 429, 
452. See Taisho-daizokyo, Vol. 30, p. 42, (No. 1565), “Shuen-chung-lun”. 

2 H. Hadano : Suron gakuha no ronri setsu, vita avlta ni tsuite, Bunka, 
Vol. XI, No. 3, pp. 177-219, No. 4, pp. 300-326, (Sendai, 1944). Studies 
on Vita and Avita in Japanese, ibid., p. 314 — especially. He mentions 
parallel passages from PSV. (Snar-than, B, 144, b, A, 61b-62a, Sde-dge, 
56a), NV. p. 123, 1.6; 11.8 f. 

3 Svarupa is used to define vita-hetu and this is considered to be the 
point of vita-hetu’s being parallel to paksadharmatva. (a) Svarupa as 

164 Sadharapa is commented as “yathavad asriyamapo’rthatma” (the charac- 






to “sapakse sattva” as well. 4 

The last part, indicated as 4, is giving an example of the five- 
membered syllogism. Certainly it starts with a word parallel to 
“yatha”, however we cannot let it go as mere example, because 
. we can find a peculiar way of giving hetu in it. The text gives 
the three items as hetu and puts an expression indicating “because 
of suchlike” at their end. It is Samkhya’s way to put five reasons 
even in vakya. 5 They used to put five reasons as a set of vita- 
hetu. 0 An opponent criticises Samkhya’s definition on hetu 
“sadhanasamasavacanam hetuh” as Samkhya’s hetu is of two 
(viz., vita and avita) , or five kinds, and not brief. According to 
the opponent’s words, it is impossible to use only one reason which 
is extracted from the collection of the five reasons. 7 This cri- 
ticism can be directed to such Samkhya’s five reasons in the 
syllogism as found in Bhavya’s “Madhyamakahrdaya”. So we can 
conclude this peculiar type of hetu may be Samkhya’s. 

Vitahetu is formulated into vakya in this way and thus said, 
“Then, vita-hetu first leads to establish on the side of a speaker 
the characteristic of understanding (vijnanasvarupam) appeared 
in the intelligence of the speaker himself who impresses others’ 

teristic of the thing kept in mind properly), Yd. p. 40, 1.26 ; (b) Sva- 
rupa as asadharana is said to be of such reason as parimana, anvaya 
and samghatapararthatva etc. (the last of which is not paksadharmatva 
but is capable of being examined from the point of view of sapakse 
sattva; however, it is used as hetu in the vakya in PC (on karika 17). 
Cf. tatranvayadina svarupena — . Yd. p. 40, 11.26 f. ; p. 44, 1.7. (c) 

sadhanasvarupabhidhanamatram heturiti. Yd. p. 43, 1.24 ; (d) Svarupad 
vltasiddhih. Nyayagamanusarini, p. 313. 

4 Vita hetu shows the same function as “sapakse sattva”, tatra sadha- 
ranam sadhyasahabhavi tatpratipattihetutvena. — Yd. p. 40, 11. 25 f. 
Moreover Uddyotakara uses the idea of avyabhicarah on the explanation 
of vita. 

tasmad yathanvayino’nvayasambandhavyabhicarah pratipadakah 
tatha vyatirekino’pi vyatirekavyabhicara iti/etena yatha vitahetor 
avyabhi-uria carina ekasya dharmasya darsanad itaradharmanu- 
manam evam avitahetavapi ekadharmanivrttidarsanad itaradharma- 
nivrttyanumanam iti/NV. p. 123, 1.2 from bottom — p. 124, 1. 3 cf. 
Hadano op. cit., p. 191 ff. 

5 Madhyamakahrdaya, Chap. 6, vv. 25 f. Snar than 252a 11.3-4 ; Peking 
ed. 107-2-7-8, Sde dge 234b 11. If. Hadano, op. cit., p. 202. 

6 (a) tatra pradhanastitvasadhane pancami vitaprayogah parair uktah 

Tattvasangrama hapanjika, p. 20. (b) tatrastitvam ekatvam pancabhir 
vitaih siddham arthavattvam — Yd. p. 4, 1.15. Cf. Matharavj-tti, p. 84, 120 
— p. 85, 1.1. (c) evam etaih pancabhir vitair vyaktasya karanam asty 
avyaktam iti siddham/Yd. p. 68, 1.19. (d) PC. ad vv. 17, 72. 

7 Yd. p. 42, 11.18 — 20; p. 43, 11.22 — 25. One instance opposite to this 
idea is found in NV. p. 136, 11 22 f. This opposite instance is a part of 
a quotation from vasubandhu. (Ui, op. cit., pp, 483 f.) 
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intelligence ; and this vita-hetu is led into the state of a formu- 
lated statement of argument (vakya), since without the formu- 
lated statement (vakya) it is impossible for him to lead the 
meaning into others’ intellect. Then the formulated statement 
of argument (vakya) is supposed to have the parts (tada’vayavi- 
vakyam parikalpyate /) ”. 8 

Now Dignaga’s criticism, that whole avayava’s are not reason, 
since they belong to vita and avlta, can be understood in this 
context. 9 That means the collection of avayava’s (viz. vakya) is 
one of the three aspects of hetu in Samkhya and Dignaga criti- 
cised Samkhya’s view that admits vakya as hetu. 

The three things, vita, avlta and vakya, of Varsaganya 10 are 
called the three aspects of hetu by “Nyayasaumya”. 11 Prof. H. 
Ui mentioned a name of school parallel to “Nyayasaumya” from 
Paramartha’s Chinese version of the commentary on Mahayana- 
samgraha. 12 This introduces Samkhya’s view as found in 
Bhavya’s Tarkajvala on Madhyamakahrdaya Chap. 6. 6, too. 13 
Moreover it has become clear that Samkhya-school’s teacher as 
Vindhyavasin is among “eke naiyayikah”, so it is never strange 
for Samkhya-school to be titled in the connection with Nyaya. 14 

So it can be said there is strong possibility for Nyayasaumya 
to be one of the Samkhya schools. 

ABBREVIATIONS 

NV = Nyayavarttika (Ch. S.S.). PST = Visalamalavatl-nama-pra- 
martasamuccayatika (ye, No. 4268). PSV = Pramanasamuccayavrtti 
(ce, No. 4203). PC = Paramartha’s Chinese version of the commentary 
on Samkhyakarika. Yd = Yuktidlpika. NyayagamanusarinI (in Muni 
JambuvijayajI’s edition of “Dvadasaram Nayacakram with the commen- 
tary NyayagamanusarinI”). 

8 Yd. p. 40, the last line — p. 41, 1.2. On the relation between vita and 
vakya, see NyayagamanusarinI, Vol. I, p. 314 ; Yd. p. 44, 1.5 ; PSV. Sde 
dge 54a 3; PST. Sde dge 193 a 11.5 f. 

9 PSV. Sde dge 54 a 1.4 ; PST. Sde dge 193 a 1.7—193 b 1.2. 

10 See E. Frauwallner, Die Erkenntnislehre des klassischen Samkhya- 
Systems, WZKSO Bd. 2, 1958, concerning Var$aganya’s vita, avlta and 
vakya. 

11 Cf. H. Ui : The Vaisesika philosophy, pp. 55 ff ; H. Ui : Studies in 
Indian Philosophy, Vol. I, p. 214, Vol. V, p. 444 ; K. Yamomoto : Nyaya- 
suma ni tsuite (Bukkyogaku no shomondai, pp. 480-488) ; G. Tucci : Pre- 
Dinnaga Buddhist Texts, XXIX f. ; Th. Steherbatsky : Buddhist Logic, 
Vol. I, p. 558. 

12 H. Ui : Shodaijoron kenkyu, pp. 276ff. Taisho-daizokyo, Vol. 31, p. 
164c-165a (No. 1595, Vasubandhu’s commentary). 

13 Sde dge Dsa 231a 11.2 — 5; Snar than Dsa 248 a 11.4 — 248 b 1.1; 
Peking ed. Vol. 96, 105-4-8. 

14 See P. Chakravarti : Origin and Development of the Samkhya 
166 System of Thought, p. 193. 
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Biroba, the 
Dhangar God of 
Maharashtra 


In Chapter III and IV of his Myth and Reality (Bombay, 1952) 
Professor Kosambi discussed the evidence of prehistorical and 
historical survivals gathered during his intensive field research, 
especially in the Poona district. These fascinating chapters 
demonstrate the author’s grasp over what he called “Combined 
Methods in Indology” 1 enlisting the assistance of archaeology, 
history, enthnography, sociology, and philosophy. In support of 
his views, Professor Kosambi incidentally dealt with the semi- 
nomadic shepherd sections of the Dhangars in Maharashtra telling 
us in a very concise manner more about their past than anybody 
before him. Perhaps this is the occasion to add a few notes on 
his remarks about Biroba, one of the most widespread and 
favourite gods of the Dhangars. 2 “Biroba worship”, Kosambi 
said, “centres somewhere in Satara district”. 3 Actually, a centre 
of Biroba worship is found at ArevadI near Dhalgaon in the 
Sangll district where an annual pilgrimage on the fifth till 
seventh day of the light half of the month Caitra (March-April) 
attracts 20,000 Dhangars. From ArevadI Biroba has spread to 
many places in the Satara district, as, for instance, to Kuroli 
Siddhesvar near Dahlvadl, Pangri, and TakevadI, where Biroba 
has assumed the name Satoba. The Arevadl-Biroba has also 
wandered into the Poona district and has settled at Bhade, near 
the Vlr Dam, and at Kateclvadl, near Baramati, and numerous 

1 II J, VI (1963) 177-202 

2 The present writer is compiling an account of the history and religion 
of some semi-nomadic pastoral and settled agricultural sections of the 
Dhangars of Maharashtra. The intention to work on the Dhangars 
originated when I had the opportunity to accompany Professor Kosambi 
on his field research in the years 1959-1960. My own field research was 
carried out for about 15 months in the years 1967-69. I am grateful 
to the German Research Association for having granted me financial 
aid. 

s Myth and Reality, p. 121. 
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other places where Dhangars have their vddi-s which are seasonal 
camps or more and more — with the spread of agriculture — per- 
manent settlements. Often the important Biroba temples are 
situated on migratory tracks, as for instance ArevadI itself, which 
serves as a camping site on the route of the Dhangars from the 
Kolhapur area. With the beginnings of the rains these groups 
take their sheep from the drier East and North-East via Pandhar- 
pur up to KuduvadI in the Usmanabad district and return after 
three months. Before Biroba came to ArevadI he spent his youth 
in Cincll, a town 30 miles from Sangll in Karnatak, in the com- 
pany of his foster-sisters Eka and Mayeva. Though Mayeva/ 
Mayakka/Mhakubal — Skt. Mahakall — figures prominently in the 
traditions of the Dhangars and in the traditions of the corres- 
ponding community in Karnatak, the Kurubas, there is nothing 
about the Dhangars in the locally published caritra of this god- 
dess. 4 According to one set of oral traditions Biroba— after 
a meandering migration towards the West — arrived at Pattan 
Kudoli, a big village ten miles from Kolhapur, which has deve- 
loped into a major pilgrimage, the biggest ydtrd (jatrd) being 
celebrated between Dasara and Divall on the third day 
of the dark half of th^ month Asvin (September/October) . A 
huge body of oral traditions has accumulated around the Pattan 
Kudoli cult. In ArevadI, and more emphatically in Pattan Kudoli 
Biroba is the younger brother of Itthal/Vithoba of Pandharpur, 
and Biroba’s murti, an aniconic stone, is on the left of Itthal/ 
Vithoba’s aniconical murti when facing the devotee. 

But we must be careful in making such statements, because 
there is rarely a singularity of views on the part of the bhaktas. 
Even an individual bhdkta may offer different explanations at 
different times. His conception of the deities comprises 
many beliefs which derive from various social and psycho- 
logical levels. One bhakta would maintain that Vithoba is greater 
from the point of status, because his bhakti is more tenacious, 
but in age Vithoba is younger than Biroba. The aniconic stone 
(pmd), of Vithoba is smaller in size as compared with that of 
Biroba’s, because the smaller size reflects the modesty of Vithoba 
who becomes great by making others great and does not show 
off his greatness. Another view of a bhakta who comes from far 
away to the annual ydtrd is that Vithoba is indeed elder than 
Biroba and he is referred to as dada (elder brother) . However 
the pind in the temple is smaller in size, because Biroba is a 
greater bhakta and there is no dark spot on his character. For 

4 Anant Sankar J osl, Sri Mahakall Caritra va Sri Cincll Ksetra Varnan 

Cincll va Morab, 1961. 


the simple Dhangar in his ovis Vithu and Biru are often 
identical. 

Many features of the pastoral Gavll Vithoba have crept into 
the traditions of the Dhangars. One such incident is the dispute 
between Rukminl/Padmavatl and Vithoba which is told in the 
Pdnduranga-mdhdtmya of the Padma-purana. 5 RukminI had 
taken offence that Vithoba/Krsna should still be attached to 
Radha/Rahl and withdrew to the Dindlra-Forest. There, on the 
site of the present Pandharpur, Krsna found her. The Dhangar/ 
Gavll version is told by Durga Bhagwat 0 and reoccurs in versions 
from Pattan Kudoli, though in a different and less puranified 
guise. Here, like in Pandharpur the temple of RukminI, the 
temple of Kamabal, the wife of Biroba in ArevadI, and the temple 
of Bhagulek, the daughter of Itthal/Biroba and his wife Padubal 
in Pattan Kudoli, are separate. 

Biroba or Birappa is one of the major gods of the Kurubas in 
Mysore and he is known beyond Bijapur upto Telengana. Con- 
sidering the wide dissemination of this god it is surprising how 
little this cult has been thought worthy of study outside the 
Dhangar community. This may partly stem from the fact that 
Biroba is often erroneously identified with one of the bdvan 
(fifty-two) vir-s.’’ As Kosambi correctly states in his Myth and 
Reality : “He [Biroba] should be distinguished from the Marig- 
Vir cults set up by people of the low Mang caste to placate the 
spirit of some dead adult, just as their Ceda is a boy’s ghost that 
refuses to be laid unless given a cult”. 8 These spirits of deceased 
adults and the cedd belong to the fifty-two vir-s who are all 
kinds of spirits as, for instance, malevolent and benevolent 
bhut-s, asura-s, or minor godlings inhering in idols. The bdvan 
vir-s are part of the mantrasdstra and their study lends the adept 
the power over them. Gods can have vir-s as their servants and 
Khandoba is sometimes said to have fifty-two vir-s under his 


5 Chapter I of the Pdmduramga-mdhdtmyam [in Marathi], Mumbait 
Ganpatkf§na j I yamce chapkhanyace malaka Atmaram Kanhoba yanlm 
chapila avrtti 5 vl, sake 1811. Not found in the Venkafesvara Press edn. 

6 Pandharica Vifhoba, in : Satyakatha, July 1969, 27-31. 

7 For a list of the fifty-two vl-s see the Mahdrasfra Vakyasampraday 
Kos, Vol. II, Poona, 1947, p. 286. The knowledge about what bavan vir 
means is faint amongst the Dhangars. The term is often confused with 
bdvan birudem which means the 52 paraphernalia of a Dhangar, e.g. 
tambakhu, batvd (a little bag for keeping tobacco and lime), kdfhi 
(stick), ghongadl (blanket), but also the objects connected with cult, 
e.g. the musical instruments, dhol (drum), kaita\ (cymbals or a kind of 
castanet), pavd (flute), and so on. 

8 Ubi cit. 
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power. 9 The priest of a deity may even be able to lend the services 
of a servant spirit of the deity for some time. 10 It is quite possible 
that Biroba may have been a yaksa at a time when the Dhangars 
were a community constantly on the move and not a semi- 
nomadic group, just an annex to agriculture or even themselves 
settled farmers. The Mahamay un-mantra mentions Vir as the 
patron yaksa of the Karhad region. 11 But Biroba has long since 
developed into a full-fledged god with a mythology of his own, 
temples and important ydtrd-s. One of the fifty-two vir-s is 
Bhairava/Bahiroba and this fact and the superficial phonetic 
similarity of Biroba/Bahiroba presumably adds to the identifica- 
tion with Bhairava. Here the matter ends for the mantrasdstri. 
Ask any educated Maharashtrian with a knowledge of Sanskrit 
any mythology and he will have no objection to equating Biroba 
and Bhairava on grounds of external phonetic similarity. And 
ever since Molesworth compiled his Marathi dictionary we come 
across the identification with Bhairava “Biroba”, Molesworth 
says, “. . . A peasant-appellation of the god Bhairav.” 12 Bhairava, 
indeed, is the guardian deity par excellence of the Maharashtrian 
peasant, but is just not a pastoral god. Thus, if one asks a 
Maratha farmer instead of a Dhangar to show the Biroba temple, 
one will surely be misdirected to a village Asta-Bhairav temple 
which has nothing to do with Biroba. A superficial glance, for 
instance, at the little village of Bhade near the Vir Dam in the 
Purandar Taluka of the Poona district, where we, like in many 
other places, find the temple of the Dhangar Biroba at the fringe 
of the village on a hillock, away from the usual ubiquitous 
peasant Asta-Bhairava temple, may not suffice to convince that 
the cults are distinct. Those Dhangars, however, who are still 
alive to their history and traditions are emphatic that Biroba 
has nothing to do with Bhairava. And justly so, because their 
traditions are quite different. 

To illustrate this point one of the versions collected by me in 
different parts of Maharashtra may be shortly told. 13 This short 

9 See R. E. Entho-vjen, The Folklore of Bombay, Oxford, 1924, pp. 193ff., 
206. Molesworth, A Dictionary, Marathi and English, Bombay, 1857, s. 
Biroba. 

10 Enthoven, ubi cit. 

11 Kosambi, ubi cit. 

12 Molesworth, ubi cit. See also, e.g. S. R. Devle, in Svarajya, Nov. 1st, 
1968, p. 13 : “. . . Bhairav, Kalbhairav, Bahiroba, Biroba, Dolsoba, Pofoba, 
Bhairavnath hi sarv Kal BhairavacI rupe hot. . . .” 

13 A version of the myth in the ovi- form is given in EK hota raja, 
ed. Sarojini Babar, Maharastra Rajya Lokasahitya Mala, Pu§pa 10, Mum- 
bait?), 1964. The myth is also shortly told in: Durga Bhagwat, Loka- 
sahityaci Ruparekha, Mumbai, 1956, p. 405 f. 


excerpt cannot indicate the wealth of detail, singular beauty and 
forceful style of the original told by a Dhangar who is a p ujdri 
of Biroba and a factory worker at the same time. Recently he 
has begun to forget details about the history of Biroba, partly 
because of an attack of typhoid, but much more so, because he is 
turning his interest to the texts of the great Sanskrit traditions. 
He has bought popular Marathi editions of the Mahabharata and 
Ramayana and has them read to him. He memorizes these texts 
by heart, turning them eventually into ovyd-s which are sung 
at festivals in his village. In other words, we have a patent 
instance of how the great traditions slowly erase local traditions. 
According to this version of the myth, Biroba was born by 
Sura van tl (SuryavantI) or Gariga whom Siva had forgotten in a 
golden casket on the earth and who on Siva’s command had been 
afterwards sheltered by the Earth in her womb or rather in an ant- 
hill. Eventually the field, including the anthill, was ploughed 
and the casket was unearthed, followed by flocks and flocks of 
sheep. 14 The casket was handed over to the king who was with- 
out child and who adopted the child. The girl, however, wanted 
to perform tarpas in a seven-storeyed vddd amidst the jungle. 
Her tapas was so immense that even Siva was worried and granted 
her a boon. She desired a child by immaculate conception. Siva 
gave her certain tasks to solve, for instance, that she swallow the 
sun. On her objection that Surya was a man, Siva said that she 
should wait till the sun had just risen half above the horizon in 
which case the sun would be neutral. In her thdli Siva put the 
god Vir in the form of an atom to be incarnated in her. He had 
been the only one of the 33 crores of gods who was able to com- 
plete the study of the bavan vir-s. The conception was discovered 
and reported to the king. He ordered Suravanti to be killed and 
when this proved to be impossible and the child was born from 
the left side of the mother, the king ordered the child to be killed. 

14 The legends centering around anthills are legion, the anthill invari- 
ably being connected with the origin of sheep. Sheep forming a line 
while being driven from or to the vada strikingly resemble and are 
actually compared with ants. In connection with the legend told here 
a legend about the birth of the nephew of Basava, Cennabasava, is of 
interest : Basava, with his elder sister Nayalambika, proceeded to 
Kalyana to enter the services of the Kalacuri king Bijjala (1156) as a 
prime minister. When Basava was praying for some gift, he saw an 
ant emerge from the ground with a small seed in its mouth. Basava 
took this seed home, and his sister without his knowledge swallowed 
it and became pregnant. By the interference of Siva a son was born, 
who was the incarnation of Siva in the form of $anmukha. gee 
Thurston, Castes and Tribes of Southern India, Madras, 1909, Vol. IV, 
art. Lingayat, 



But the servants of the king only exposed it in the deepest jungle, 
where even birds could not fly and the sun was so hot that even 
the stones were parched by the heat. It was the month of Caitra. 
The crying of the child was heard by Parvatl and Sankar who 
descended to provide for the child’s needs. Two sisters were 
created from Sahkar’s ash and Parvatl’s kumkum in the horn 
altar. The two sisters were to bring up the child. After a long 
migration the three reached Cincli in Karnatak. 

We need not proceed. At this point of the myth the stage 
is set for Biroba’s numerous adventures, the legends about the 
spread of his cult, his marriage and his settlement in Arevadl. 
The episodes have a peculiar semi-pastoral background and show 
the efforts to come to terms with other deities and settled com- 
munities. From the first part of the legend it is already evident 
that we cannot assign Biroba to the Bhairava mythology of the 
Puranas. Rather, we may see some affinity with Karttikeya/ 
Sanmukha/Skanda of the Skanda-purana. Biroba — born by 
Suravanti or Gahga— was found in the thicket, just like Skanda— 
according to one version of the myth of his birth— was “born-in- 
thicket” ( sara-bhu ) . There is a close association of Biroba with 
the mothers or sisters as in Skanda’s case. Biroba was brought 
up by two foster-sisters who— Dhangars say— are two of the seven 
mothers. One episode of the myth of Biroba tells us that an old 
woman, while migrating with her cows, used to carry Biroba 
on her head in a box. Subsequently her son was killed by Biroba 
in the form of a snake and merged into Biroba. Full of anger 
the woman threw the box into an unfathomable pool where 
Biroba was worshipped by the seven dsard-s (a psara-s) for 
twelve years. The close association with the sisters/mothers is 
also reflected in the quarrels between Biroba and his wife Kama- 
bai, mentioned above ; quarrel originated when Biroba, having 
won his wife after prolonged adventures, preferred to visit the 
bazar at Dhalgaon with his sister Mayeva against the entreaties 
of his wife to stay with her. 

There is another contact with the Skanda-purana, that is, the 
Kaslkhanda of the Skanda-purana, In Chapter 64 of the Marathi 
version of the Kaslkhanda 15 which deals with the establishing 
of the Viresvara-linga, the story is told how King Mitrajit’s wife 
who was without child was advised to venerate Siva with sincere 
bhakti on the third day of the light half of the month Marga- 
slrsa (November/December) in order to bear a child. The child 
was born, but when the astrologer was consulted about the 

15 Sivadas Goma, Kaslkhanda [pothl], Nirnayasagara Press, Mumbai, 
1960, Sanskrit version : Venkatesvara Press ed., ch. 83. ' 


child’s destiny, it was found that the child was destined to kill 
its parents. The mantrl advised to throw the child into the sea. 
The queen however wanted the child to be returned to Vikata- 
gauri (Siva’s wife) and wanted her to take charge of the child. 
The child was returned to Vikatagaurl. She summoned eight 
yoginls (attendants) who went to Kailasa and handed over the 
child to the eight mothers ( mdtrka-s ) . The mothers looked after 
the child for eight years and then returned the child to Gauri at 
Kasl. Gauri fondled it and called it “Vlr”. One day while it 
was playing in the temple it was recognized by Bindumadhava 
(a form of Visnu) as Gauri’s varaputra (son granted as a boon). 
He told Vlr to worship Siva. Vlr established a lihgam and wor- 
shipped it for 100 years. Finally Siva appeared in the lihgam 
and, pleased by the bhakti of Vir, named the lihgam Vlresvara- 
lingam. This does not mean that the Dhangars have directly 
borrowed their “Vlr” from the Kaslkhanda , but the text is 
popular in Maharashtra and its diffusion may have helped to 
contribute towards the formation of the myth of Suravanti and 
Biroba. It may be added that in Hunnur, Taluka Mangalvedha, 
district Solapur, the present writer saw a print of the type avail- 
able in bazars near temples, showing Mhalingraya Mhalappa, 
a famous bhakta of Biroba, worshipping Biroba under the name 
Biresvarling. 

If Biroba is not Bhairava is there any connection between 
Biroba and Virabhadra ? Kosambi said : “However, the Vira- 
bhadra of some Puranas, supposedly a general of Siva’s army in 
battle, may reflect the Vir cult”. 16 Indeed wherever Dhangars or 
especially Kurubars are settled we find that the identification 
with Virabhadra has made some progress. For instance in Dhotre, 
Taluka Puntambe, in the Ahmednagar district we find Biroba 
identical with Virabhadra. Perhaps the identification of Biroba 
with Virabhadra emanates from Lihgayat quarters which had 
considerable influence in Maharashtra. According to a strong 
tradition, Khandoba, the famous Maharashtrian deity worshipped 
especially by Dhangars, was, like his wife, a Lihgayat vdnl ; that 
his second wife Banal is Dhangar nobody doubts. In many places 
where Dhangars are settled, e.g. in HuljantI (Mangalvedha 
Taluka), where Mhalingraya Mhalappa is chiefly worshipped, 
and Hunnur, which has a famous Biroba temple and is connected 
with HuljantI by many oral traditions, Biroba is considered to be 
a Lihgayat. One of the most important gods of the Lingayats 
besides Siva and Nandi, is Virabhadra. I obtained one version 
of a Biroba Virabhadra legend from a Kannada booklet entitled 

18 Myth and Reality, p. 121. 
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Hdlumatada Caritra which deals with the religion and history 
of the Kurubars. 17 Here the demon called Hiranyakasipu received 
a boon from Brahma and he won the three worlds. His over- 
bearing attitude caused the gods to approach Visnu, and he in 
the form of Narasimha killed him. However, Narasimha’s 
appearance was so dreadful that the people in the world could 
not bear it. The gods headed by Brahma came to Sankar and 
sought for Sankar’s advice. Sankar sent Virabhadra and his 
gana in order to pacify Narasimha, or, if necessary, to kill him. 
Ultimately Narasimha was killed and his head was brought to 
Sankar who tied it to his neck. As a consequence Mahavisnu 
was enraged with Virabhadra. When Parvati and Sankar were 
sitting on Kailasa, Virabhadra approached them and told them 
that he had the desire to visit the earth. They granted him his 
wish. Virabhadra took birth in the womb of Sarasvati, the wife 
of Brahma. But Mahavisnu took the form of an old Brahman 
and appeared before Sarasvati telling her that the child would 
have a very bad character and that she should not look at his 
face. When the child was born Sarasvati took the child and left 
it in a burial ground ( smasan ). There the birds and a nim als 
forgot their animosity and looked after it supplying water and 
shelter. The deities of the forest pitied the child. Even Agni, 
Jala, Vayu, Bhumi, Akas, Candra felt pity. A woman named 
Mayamma came to the smasan, rescued it and called it Virling. 
Afterwards, a demon of the Kasyapa-Gotra, by name Konasur 
molested the 700 Kurubars. They approached Virling and asked 
him to save them. He killed Konasur at Konnur. The Kurubars 
became his worshippers and he became their ddidev or kula- 
daivata. He is called Viresvar and he is Virabhadra’s incarnation. 

Here again we come across Mayamma /Mayeva who finds Vir- 
ling in a smasan (instead of in a thicket). Mayeva or Skt. 
Mahakali, the foster-sister of Biroba, can also be contemplated 
to be a kind of sister of Virabhadra, if we follow the Siva-purdna, 
where she is said to be born like Virabhadra from Sankar’s matted 
hair. 18 

The picture which emerges leaves little scope for assuming 
that Biroba is identical with Bhairava at the present stage of 
the history of Biroba. Even though Dhangars, while singing 
their ovyd-s, occasionally refer to Biroba as “Kasilinga Birappa” 


and Kasilinga may refer to Bhairava, and though Dhangars in 
their ovyd-s occasionally refer to Biroba as having the form of 
Bhairi (Bhairava) they have no explanation for this and there 
are no legends connected with Bhairava. Eventually the identi- 
fication of Biroba and Bhairava will make some progress because 
of the phonetic contamination of Biroba with Bahiroba/Bhairava 
and because Dhangars will eventually accept and assimilate what 
klrtankdr-s, ovlkar-s, gurav-s and other people more in touch 
with the great tradition will tell them about their gods. The 
texts of the great tradition, the Puranas, tend to subsume Vira- 
bhadra and Bhairava under the terrific aspect of Siva and in their 
efforts to abstract and standardize tend to equate Bhairava and 
Virabhadra, though even in the Puranas the causes of the 
emanations of Virabhadra and Bhairava and their specific tasks 
are distinct. 


17 Yallangavda Ph. Attikolla, Halumata caritra [in Kannada] , Dharvad, 
1949, pp. 53-55. 

18 Sivapurana, Rudrasamhitd 2, 32, 22 (25), Venkafesvara Press ed. : taj- 
jatayas-samubhuto virabhadro mahabalah // purva-bhagena devar§e 
maha-bhimo ganagrapih // 22 // . . . mahakali samupanna taj-jafa-para- 
bhagatah // 25 // 
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the Gaiidavaho 


In the second Uddyota of the Dhvanyaloka, as an example of 
atyantatiraskrtavacya, Anandavardhana quotes the following 
Prakrit Gatha : 

gaanam ca mattamejiam dhdrdluliajjundim a vanaim 
nirahahkdramiahkd haranti nilao vi nisdo 

“How charming when the clouds reel in the sky ; how lovely 
when in the woods the white Arjuna trees are torn by great 
downpours of rain. Though in the sky the moon has lost all 
pride, yet these black nights have a haunting beauty of their 
own.” 

This verse is number 406 (p. 117) of Vakpatiraja’s Prakrit 
Mahakavya, the Gaiidavaho. Since Anandavardhana knew this 
fine poem, 1 2 it is legitimate to ask whether he found anything 

1 Bibliography : Dhvanyaloka with the Locana of Abhinavagupta, and 
the Balapriya of Sri Rama§araka, ed. by Pandit Pattabhirama Sastri, 
Kashi Sanskrit Series, Banaras, 1940 ; the Gaiidavaho, a Prakrit Historical 
Poem by Vakpati, originally ed. by Shankar Pandurang Pandit, re-edited 
by Narayan Bapuji Utgikar, Bombay Sanskrit and Prakrit Series No. 
XXXIV, Bhandarkar Oriental Research Institute, Poona, 1927 ; Kavya- 
mlmamsa of Rajasekhara, ed. by C. D. Dalai and Pandit R. A. Sastry, 
third edition revised and enlarged by K. S. Ramaswami Sastri Siromani, 
Oriental Institute, Baroda, 1934. 

2 We do not believe there is any reason for doubting the date of the 
Gaiidavaho, which the editors place in about 700 a.d.( see p. 100 of the 
Int.). As far as we know, the only source for his date is the remark 
in the RajataranginI, quoted in “History of Classical Sanskrit Literature” 
by K. Krishnamachariar, p. 617) : 

kavivakpatirajasribhavabhutyadisevita.il 
jito yayau yasovarma tadgunastutivanditam 
“Yasovarman when he was conquered (by Lalitaditya of Kashmir) 
became a praiser of his virtues, he (that is Yasovarman) who was 
176 attended upon by the poets Vakpatiraja, Bhavabhuti and others.” 
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else in the work besides this one verse to inspire him. The 
answer, we believe, is an unequivocal yes. We wish to point out 
certain resemblances that have not so far been noted. 

The first of these concerns a passage in the second Uddyota, 
under Karika XVI. In explaining the important word aprtha- 
gyatnanirvartyah, Ananda explains that the use of yamaka will, 
of necessity, involve an artificial effort: rasahgatve ca tasya 
laksanam aparthagyatnanirvartyatvam iti yo rasam bandhum 
adhyavasitasya kaver alarikaras tarn vasanam atyuhya yatnan- 
taram asthitasya nispadyate sa na rasangam iti. yamake ca pra- 
bandhena buddhipurvakam kriyamane niyamenaiva yatnantara- 
parigraha apatati sabdavisesanvesanarupah. alankarantaresv 
api tattulyam iti cet - maivam. alahkarantaran i hi nirupya- 
manadurghatany api rasasamahitacetasah pratibhanavatah kaver 
ahampurvikaya parapatanti. “The figure of speech that helps the 
rasa is characterised by the fact that no extra effort is required 
on the part of the poet to create it (i.e. it arises spontaneously) . 
When a poet has decided to write (a poem that will contain) rasa, 
should he then disregard (atyuhya) this (main) preoccupation 
(vasana) and engage himself in a further (artificial) effort to 
produce a figure of speech, then this figure will not prove help- 
ful to rasa. When one intentionally (buddhipurvakam) and 
repeatedly (prabandhena) uses yamaka, then necessarily an 
extra (artificial) effort is required in the form of searching for 
the special words (necessary for the yamaka) . Should somebody 
object that this is also true of other figures of speech, we reply 
that no, in fact it is not. Because in the case of a poet who is 
intent upon suggesting rasas and who has imaginative genius 
( pratib hdnavat ) , even figures of speech which may appear ( to the 
reader) difficult (to create) clamour to present themselves to 
him !” 3 

We can also compare, for an idea not unrelated, the last Karika 
of the fourth Uddyota, Karika XVII : 

pratdyantam vdco nimitavividharthdmrtarasd 
na sadafy kartavyaty kavibhir anavadye svavisaye 
(Vrtti) : (na) santi naval], kdvydrthdl] 

paropanibaddhdrthaviracane 
na kascit kaver guna iti bhavayitva 
parasvddanecchdviratamanaso vastu sukavel] 
sarasvatyevaisa ghatayati yathestam bhagavati 

3 Cf. the lovely lines in the Kavyamlmam$a (p. 62) : matidarpane kavi- 
nam visvam pratiphalati. katham nu vayam drsyamahe iti mahatmanam 
ahampurvikayaiva sabdarthah puro dhavanti. 
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“May the words (of poets) in which there is embedded the 
nectar of many ideas, spread out. In their own blameless 
task (namely writing) , poets should not be despondent. 
(Vrtti) : (They should not be despondent), thinking that there 
are no new poetic themes, (and) for a poet to write about a 
subject already used by another poet is anything but credit- 
able. 

(Karika contd.) If a good poet is reluctant to use that which 
belongs to another, the blessed Sarasvatl herself will provide 
him with (poetic) subject matter as desired.” 

Now verse 86 of the Gaiidavaho is similar enough to make us 
suspect some influence. The verse reads : 

\ attahaloyanatarald iyarakainam bhamanti buddhlo 
attha ccea nirdrambhamenti hiyayam kainddnam 

Here is our Sanskrit translation : 

arthalokanatarala itarakavinam bhramanti buddhayah 
arthd eva nirdrambham dyanti hrdayam kaviindrdndm 
“The minds of other (i.e. ordinary) poets wander about 
frantically searching for subject matter. (But) in the case 
of great poets the themes themselves rush to their hearts, 
without any effort on their part.” 

The commentator adds : pratibhatisayajanitasamskarati- 
sayakrstah santah, (which really stands for samskaratisayajanita- 
pratibhatisayakrstah) . 

In the fourth Uddyota, there is a long discussion on anantya, 
the endlessness of poetic themes. Let us quote those verses 
which are particularly significant : 

dhvaner yah sagunibhutavyahgyasyddhvd pradarsitah 
anenantyam dydti kavindm pratibhdgunafy 
“Through the treatment of dhvani (proper) as well as 
(dhvani) where the suggested sense is subordinate (to the 
literal sense) already given, the quality of poetic imagination 
becomes endless.” 

Karika II — 

ato hy anyatamendpi prakdrena vibhusitd 
178 vani navatvam dydti purvdrthdnvayavaty api 


me j-uivaxiyaxoKa ana me vj-auaavano 


“For literature (van!) that is embellished with any one of 
these varieties (of suggestion) though it reproduce ideas 
already treated, appears fresh (navatvam).” 

Karika IV — 

drstapurvd api hy arthdlj, kdvye rasaparigrahat 
sarve navd ivabhdanti madhumdsa iva drumafy 

“By using rasa in a poem even subjects seen time and again 
will appear new, just as do trees in the month of March.” 

Karika VI — 

dhvaner itham gunibhutavyahgyasya ca samdsraydt 
na kdvydrthavirdmo ’sti yadisydt pratibkagunafy 

“By using dhvani and gunibhutavyangya in this manner, 
there will be no end to the subject-matter of poetry as long 
as there is the gift of poetic imagination.” 

The Karikakara then goes on to show that this same endless- 
ness is equally possible in the case of the literal sense (vacyartha) 
as well (and not only in the case of the suggested sense) : 

Karika VII— 

avasthadesakdladivisesair api jdyate 
dnantyam eva vdcyasya suddhasydpi svabhdvatah 

“By its very nature (svabhavatah) (i.e. even without the 
help of a suggested sense), the purely denoted sense is in- 
exhaustible because of differences of circumstance (avastha) , 
place (desa), time (kala) etc.” 

Karika IX and X — 

rasabhdvddisambaddha yady aucitydnusdrini 
anviyate vastugatir desakdladibhedini 
(Vrtti) : tat kd ganand kavindm anyesam parimitasaktindm 
vdcaspatisahasrdndm sahasrair api yatnatah 
nibaddha sa ksayam naiti prakrtir jagatdm iva 

“If the subject-matter (vastugati) that is diversified accord- 
ing to time, place, etc., is used in accordance with (the 
doctrine) of propriety and is associated with rasa, bhava, etc. 

(Vrtti) : How can we even consider other poets of limited power 
(when) : . 
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The Dhvanyaloka and the Gaiidavaho 


“Though assiduously written about by thousands of thousands 
of (poets similar to )Vacaspati, it cannot be exhausted any 
more than the primordial matter (prakrti) of the universe.” 4 

Now this discussion leads to the topic of plagiariasm, which, 
it has been thought, the Dhvanyaloka was the first to formulate, 
in Karikas XI, XII, XIII, XIV and XV. The verse that interests 
us the most is Karika XVI : 

yad api tad api ramyam yatra lokasya kincit 
sphuritam idam itlyam buddhir abhyujjihlte 
(Vrtti) : sphuraneyam kacid iti sahrdaydndm camatkrtir 
utpadyate 

anugatam api purvacchayayd vastu tddrk 
sukavir upanibadhnan nindyatdm nopaydti 
“Any theme whatsoever will be beautiful even though it 
resembles a previously existing (one) as long as the thought 
arises in the minds of people that : ‘This is ineffably quiver- 
ing (with beauty) ’. It can be used by a good poet without 
his incurring any blame. 

(Vrtti) : ‘O, this is ineffably vibrating !’ 

This aesthetic rapture (camatkrti) is produced in the case of 
sensitive readers. 

Here now are the verses from Vakpatiraja’s Gaiidavaho that 
almost certainly influenced Anandavardhana or the author of the 
Karikas that we have cited above : 

Verse 84 : 

kdlagund padhamakaihim bhamiyam apariggahesu maggesu 
ihara maihim hiranti dukkaram ke vikdnam pi 

Here is our Sanskrit translation : 

kalagunat prathamakavibhir bhrantam aparigrahesu mdrgesu 
itare matibhir hriyante duskaram ke ’pi kesam api 
“Earlier poets, through the virtue of their times (i.e. because 
they were born in ancient times) were able to wander on 

* Cf. D. Al., Vrtti, p. 526 : yasya rasader asrayad ayam kavyamargah 
puratanaih kavibhih sahasrasamkhyair asamkhyair va bahuprakaram 
k§upnatvan mito ’py anatatam eti. “By having recourse to the use of 
dhvani consisting of rasa, etc., this path Of poetry which is otherwise 
limited in the sense that it has been trodden in many ways by thousands 
or even a countless number of older poets, achieves endlessness. 


virgin paths. But some (ke ’pi) others (itare) (i.e. modern 
poets) need hardly ever (duskaram) do so, for they are 
guided (rhiyante) , thanks to the time they live in, by the 
vision of earlier poets.” 5 

Verse 85 : 

katto nama na dittham saccam kaiseviesu maggesu 
simante una mukkammi tammi savvam navamcea 

Here is our Sanskrit translation : 

kuto nama na drstam satyam kavisevitesu mdrgesu 
simante punar mukte tasmin sarvam navam caiva 
“It is true that there is nothing that has not been seen on 
the well-trodden paths of poetry. But actually this is true 
for only the very beginnings of the path. All else is new.” 6 

s This verse is not without its obscurities. The commentator seems 
to think that the first kalagunat is meant negatively, i.e., that earlier 
poets were forced to travel on unbeaten paths : . . . vyamoho ’nubhutah 
kalado§at, and that modern poets have the advantage of moving along 
a path where the way is already cleared : . . . naiva bhramyate dr?tapurva- 
kavikalpitamargatvat athava krtavagdvara iti nayena (a reference to 
Raghuvamsa 1. 4.). But the context is really the opposite, of the diffi- 
culties of modern poets who must use material already well-sifted. Per- 
haps the idea is a double one : not only need the poet not worry about 
travelling along well-beaten tracks, it is even an advantage, for he 
need not make the same mistakes of older poets who had no guides. 

6 This verse too is obscure. What does simanta mean ? Professor 
N. G. Suru, who is preparing a translation of the Gaiidavaho translates 
this verse as follows : 

“How could any thing (topic) escape observation (of the earlier 
poets) on the paths (of vision) followed by them (thus leaving prac- 
tically no topic for moderners to poetise) ? True. If, however, the 
(traditional and conventional) borderlines be given up (and the 
horizons of imagination be widened), all (topics) will be just as 
fresh and new even to him (the modern poet).” 

Professor Suru’s translation, along with a new edition of the text, 
will soon appear in the publications of the Prakrit Text Society, Ahmed- 
abad. We are grateful to him for allowing us to see his work before 
publication. 

Another translation, different from both of these, is possible as 
follows : 

“What truth (originality) possibly is not seen in the paths fol- 
lowed by (modern) poets ? But if the utmost (extreme) limit 
(simanta) is left out (given up), everything there (i.e. in the poetry 
of modern poets) is new (original).” 

This renders simanta by extreme or utmost limit, i.e., extreme view, 
extremist views about originality. 



Verse 87 : 

asamsaram kaipungavehi taddiyahagahiyasa.ro vi 
ajja vi abhinnamuddo vva jayal vayaparipphando 

Here is our Sanskrit translation : 

asamsaram kavipuhgavais taddivasagrhitasdro ’pi 
adydpi abhinnamudra iva jayati vdcdparispandah 
“Glorious is the poet’s speech pulsating with inspiration ! 
Though every day great poets have drained its essence from 
the beginning of creation (and will continue to do so until 
the end df time) yet it still seems as if its seal remains 
unbroken (i.e. its riches have barely been tapped) ,” 7 

Finally, we wonder whether, when Anandavardhana, on p. 527 
of the fourth Uddyota of the D. Al. quotes a Gatha by a certain 
“great poet” (gatha catra krtaiva mahakavina) , the reference is 
not to a lost poem of Vakpatiraja. The Prakrit reads : 

atahatthie vi tahasanthie vva hiaammi jd nivesei 
atthavisese sd jaai viadakaigoard vdni 

(atathdsiihdn api tathasamsthitdn iva hrdaye ya nivesayati 
arthavisesdn sd jayati vikatakavigocard vdni ) 

“The literary art of great poets is all-conquering. For it 
causes various ideas to enter the heart (of the reader) and 
appear (there) in a form which is different, as it were, from 
their real form.” 8 

We can compare this with stanza 66 of the Gaiidavaho : 

thiyam atthiyam va disai athiyam pi paritthiyam va padihdi 
jahasanthiyam ca disai sukaina imdom payaio 

7 This verse is quoted by Rajasekhara (p. 62) right after his sutra 
on plagiary (Adhyaya XII). First he quotes the “acaryas” : 

puranakavifcjunne vartmani durapam asprstam vastu, tatas ca tad 
eva samskartum prayateta, ity acaryah. 

On the path followed by older poets, it is difficult to come across 
something (a subject) that has not already been dealt with. Therefore 
(a modern poet) should attempt only to refine those (very same sub- 
jects). This is the opinion of the venerable teachers.” 

He then says that Vakpatiraja disagrees (na, iti vakpatirajah). 
asamsaram udaraih kavibhih pratidinagrhitasaro ’pi 
adyapy abhinnamudra vibhati vacam pari?pandah 

8 Cf. also p. 498 of the third Uddyota of the D. Al. : 

bhavan acetanan api cetanavac cetanan acetanavat 
vyavaharayati yathetfham sukavih kavye svatantratayd 


Our Sanskrit translation is : 

sthitam asthitam iva drsyate asthitam api pratisthitam iva 
pratibhati 

yathasamsthitam ca drsyate sukavindm imdli prakrtayal 
“What is real appears as unreal and what is unreal appears 
as if it were real, and (sometimes) a thing appears exactly 
as it is — these are the ways (prakrtayah or padavyah) of 
good poets.” 

It is thus not only clear that Ananda or the Karikara knew 
the Gaiidavaho and quoted one verse from the poem, but also 
that several of his most cherished ideas come from this great 
work. 9 


9 A final, very speculative remark, suggests itself to us : is it at all 
possible that the borrowing is the other way round ? We believe that 
the Karikas are not by Anandavardhana, but by an older writer. Could 
they be old enough for Vakpatiraja to have utilised them in writing his 
Gaiidavaho ? Note the final verse of the D.Al, by Anandavardhana 
himself (p. 552-553) : 

satkavyatattvanayavartma ciraprasupta- 
kalpam manassu paripakvadhiyam yad dsit 
tad vyakarot sahrdayodayalabhahetor 
anandavardhana iti prathitabhidhanah 
“The famous Anandavardhana explained that (dhvani), the path 
to the exact knowledge (naya) of the essence of good poetry, which 
was practically (kalpa) dormant in the minds of (even) those of 
mature intelligence (paripakvadhiyam), for the sake of giving 
delight to those sensitive to literature.” 

Now the word vyakarot is important, for, as far as we know, it is 
used primarily to denote an explanation of something already expounded 
and is not used to expound a totally new theory. Moreover, tad (Bala- 
priya : dhvanisvarupam) was ciraprasuptakalpam. Surely this means 
that it existed previously. It cannot be taken to mean that dhvani was 
simply not used for a long time (which is the way some modern com- 
mentators on the D.Al. take it), since Ananda’s numerous quotations 
from near-contemporary sources belie this. It must mean that the actual 
doctrine (from the time of the Karikakara) had not been in vogue ! 
Paripakvadhiyam is further evidence. It cannot, in the circumstances, 
refer to poets, for the same reason as given above. Therefore it must 
refer to theorists, and points to the earlier existence of a dhvani theory. 
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Method and 
Indian Chronology* 

solstitial colure is located in a certain asterism at a given time. 
Because of precession it moves back through the asterisms. The 
exact rate of precession is known. The present situation is known. 
What could be easier than to work out a date if a reference to 
the situation then is discovered in some ancient book ? But in 
making such calculations and drawing conclusions from them 
there are pitfalls that have to be guarded against. Let us consider 
some of these : 


Astronomy is a very exact science. The accuracy with which 
measurements in astronomy can be made is most remarkable. 
Thus, astronomers have been able to measure exactly the preces- 
sion of the perihelion of Mercury which is a few seconds of angle 
in a century. Similarly, the precession of the equinoxes which 
is about 50 seconds per year is accurately known. If, therefore, 
astronomical data be found in ancient Indian literature and if 
they are capable o'f being used for exact calculations, the results 
must be very reliable indeed. This method could then be 
considered a powerful tool in dating events, that is to say, in 
chronology. Workers of the last century like Tilak 1 and Dikshit 2 
used it very effectively. And yet, many eminent Indologists of 
later times do not attach much value to this method. It would 
appear to have fallen into disfavour. 

It is the purpose of this essay to consider what the method 
is capable of and also how it could be, and has been, misused. 

II 

Perhaps the most commonly used astronomical tool, for dating, 
has been the precession of the equinoxes. The equinox or the 

* This paper is a revised version of one in the “Sri Venkatesvara 
University Oriental Journal.” 

1 Tilak, B. G. The Orion or Researches into the Antiquity of the Vedas. 
Fourth edition, 1955. Tilak has “endeavoured to show thafc the tradi- 
tions recorded in the Rgveda unmistakably point to a period not later 
than 4000 b.c., when the vernal equinox was in Orion”. 

2 Dikshit, S. B. History of Indian Astronomy in Marathi. New edi- 
tion 1931, pp. 127-129. Dikshit has used certain statements in the 
satapatha Brahmana regarding the naksatra Kfttika to determine the 
date of that work. 


1. Suppose, an author like Varahamihira gives some informa- 
tion about the situation of the solstitial colure. 3 One could cal- 
culate exactly when this event occurred. But the date arrived 
at could not be accepted as the date of Varahamihira unless the 
information is known to be strictly valid at the time of the 
author. Firstly, as difference of one degree in the situation of 
the colure amounts to 72 years in time and if the date of an 
author is expressed correct to a multiple of 72 it hardly has any 
value. Secondly, there is always a possibility that the informa- 
tion given by the author may be traditional and not a result of 
observation. This point will be easily appreciated if we remem- 
ber that the data we use today for the situation of the equinoxes 
in our Pancangas, is about 1500 years old ! Dates calculated on 
the basis of such data would be meaningless. 

Sir William Jones 4 was perhaps the first western scholar to 
use this method to assign a date to Varahamihira. He uses 
Varaha’s data and arrives at a date which, it must be admitted, 
is not far wrong. Colebrooke, 5 on the other hand, uses some 
other information from Varahamihira’s Brhatsamhita and get 
two dates, differing by 224 years, and then takes the mean as 
the real date ! True, again, the date obtained is eminently satis- 
factory, but, the method ? What is more, Colebrooke® has in 
another place using yet another piece of information from the 
same book attributed to the same Varahamihira a date differing 
from the above by 120 years ! 

2. The rate of precession of the equinoxes is known accurately 

3 See Brhatsamhita III. 2 where he says ‘At present one ayana of 
the Sun begins from the commencement of Karkafaka and the other 
from the commencement Of Makara’. 

4 See The Works of Sir William Jones, Vol. IV. Jones’s calculation 
gives the same year as was mentioned by Aryabhata I as the one when 
he was 23 years old. The quotation from Brhatsariihita in note 3 above 
was, in fact, the basis of Jones’s calculation. 

5 Colebrooke, H. T. Algebra, with Arithmetic and Mensuration, from 
the Sanskrit of Brahmagupta and Bhdskara, 1817. 

o Miscellaneous Essays by H. T. Colebrooke, edited by his son Sir T. E. 
Colebrooke, Vol. Ill, p. 317. 
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at present. The values given by ancient Indian astronomers are 
not very correct. If one wishes to work out a date by this 
method, in relation to the present, the correct rate must be used. 
If one uses the value given by the Grahalaghava, for example, 
(which reckons precession at 60" a year) reliable results should 
not be expected. The use of an inaccurate rate, given by some 
ancient author would be justified only when one wishes to check 
conclusions of that author based on his own rate of precession. 

3. The subject of precession is closely linked to the commence- 
ment of the asterisms. A particular asterism is designated as 
the first. In ancient times these asterisms were the actual star 
groups in the heavens. Today they are the 27 divisions of the 
ecliptic. A research worker must know precisely whether he 
is dealing with the star groups or the divisions. He is not allowed 
to mix up the two ideas in one and the same work. 

Further, when one is dealing with, say, the Krttika period (i.e. 
the period when Krttika was the first asterism) he cannot arrive 
at a valid conclusion if he assulmes Asvini to be the first asterism, 
as it is today. This error was committed by Cunningham, 7 in his 
Book of Indian Eras , where he assumed Magha to be the tenth 
Naksatra at the beginning of Kali Yuga. This means he assumed 
Asvini to be the first Naksatra in the year 3102 b.c. The anti- 
quity of the Saptarsi kala which he derived from these considera- 
tions could hardly be called reliable. 

4. Another consequence of precession is the change in the pole 
of the celestial equator. The second magnitude star, cc-Ursae 
Minoris, which is very near to the north pole today and is called 
the pole star could not have been so in, say, 3000 b.c. Any con- 
clusion based on the assumption that it was is sure to be wrong. 
(Jacobi 8 has pointed out — a look at a star map would also be 
enough— that cc-Draconis must have been the pole star about 
this time.) 


Ill 

It would not be altogether out of place here to indicate how 
other astronomical or mathematical methods may be unsatisfac- 
tory in their own way. 

1. When dealing with literature of a particular period, if astro- 
nomical references in it are to be used, it is necessary to see that 

7 Cunningham, A. Book of Indian Eras, 1883. Chapter I entitled 
‘Saptarijikala’. 

8 See, for example, G. R. Kaye. Hindu Astronomy, 1924, p. 31. 


the scholar does not assume more knowledge on the part of the 
author than was possible at his time. The Rgveda samhita, for 
example, mentions very few Naksatras by name. There is no 
evidence that all the 27 (or 28) Naksatras were devised and 
designated at that time. It would be wrong, then, to derive any 
chronological conclusion on the assumption that all the Naksatras 
were known then as they are today. 

2. A very common pitfall in chronology, difficult to detect, 
is anachronism. The procedure quoted in 1 above really falls in 
this class. But more glaring errors can be, and have been, com- 
mitted, for instance, when Puranic literature is used for Vedic 
chronology. Thus, Daftari 9 makes use of certain statements in 
the Vayu Purana and other texts to determine the period Of 
composition of the Rgveda. With this and other considerations 
he comes to the very bold conclusion, “that Rgveda was being 
composed regularly every fourth year, most probably, between 
3102 B.c. and 1300 b.c. with breaks”. 

B. R. Kulkarni 10 is a very sound scholar who is keenly conscious 
of the error of anachronism. All the same his identification of 
celestial Naksatras from the Naksatra devatas in Rgvedic hymns 
does not appear permissible to me. A full list of Naksatras and 
the corresponding deities appears first in the Taittiriya-samhita 
and then in the Vedanga-Jyautisa. As I have remarked above 
few Naksatras are mentioned in the Rgveda ; what is more, names 
of the Devatas, which later came to be associated with the 
Naksatras, are met with frequently in Rgveda as deities un- 
connected with astronomy. 

3. It is only when the astronomical information available, from 
a text, to a scholar leaves no room for the scholar’s personal inter- 
pretation that reliable results may be expected. In every other 
case it is highly desirable that the results obtained mathe- 
matically be compared with those available from other sources — 
historical, philological, etc. 

Bentley, 11 an Orientalist of the early years of the last century, 
came to the conclusion that Varahamihira lived in the 16th 
century a.d.— ignoring the fact that Alberuni, who visited India 
in the 11th century a.d. dwells at considerable length in describing 
the works and opinions of Varahamihira. (Bentley, it is said, did 
not understand Sanskrit.) 

9 Daftari, K. L. Astronomical Method and its Application to the Chro- 
nology of Ancient India, 1942, p. 241. 

i° Kulkarni, B. R. Astronomical Clues for Chronology in Rgveda in 
Marathi, 1952, p. 51. 

11 See, for example, Kern, H. Brhatsamhita, 1865. Introduction d 3 
footnote. ’ 
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4. A favourite procedure with orientalists wishing to derive 
the date of an event is to go back to the event from a known 
date by specifying the generations that are said to have passed 
between the two events and allotting a certain number of years 
to each generation. This is a daring procedure and could at best 
give a very very rough date. What is more, different workers 
allot different years per generation according to their individual 
preference. It is difficult to resist a feeling that the individual 
preference is guided by a prejudged result. Thus, Kane 12 using 
the data contained in the Nidhanpur plates of Bhaskaravarman 
arrives at a date for the Mahabharata war on the basis of 2.0 
years for each generation of rulers. This brings him to a date 
very close to that given by Varahamihira for that event. 13 On 
the other hand Daftari 14 taking one generation to be equal to 22 
years proves (?) that the Dvapara yuga is equal to 200 years. 

The method is, indeed, reminiscent of that adopted by Max 
Muller 15 in deriving his vedic chronology in which he breaks up 
Vedic literature into four periods and assigns 200 years to each 
period. Max Muller himself says, “We can do so only under the 
supposition that during the early periods of history the growth 
of the human mind was more luxuriant than in later times.” 

5. The period from the early years of the Saka era to very 
recent times has been called Jyotin-siddhanta kala by S. B. 
Dikshit. 2 Some authors of this period have used symbolic words 
to represent numerals. Thus, Netra means two ; Veda is four, 
Rasa — six etc. Aryabhata-I as well as Aryabhata-II used letters 
of the alphabet for the same purpose, but with a different sense. 
For example, Bu according to the first Aryabhata would be 
230,000 but in the notation of the second Aryabhata it is just 4. 
Now, when manuscripts were copied time and again, by scribes 
who were rarely astronomers, the possibility of change in some 
of the letters was always there. This would lead to an error in 
the figures representing numerical data. A clear case of such 
an error has been pointed out by Dikshit 16 in his History of Indian 
Astronomy. Such errors could be detected only by reference to 
tradition, comparison with other treatises etc. Otherwise the 

12 Kane, P. V. History of Dharmasastra, 1946, Vol. Ill, p. 898. 

13 See paper by author on The Date of Varahamihira Ann. B.O.R.I. 
Golden Jubilee Volume. 

14 Loc. cit., p. 152. 

13 See, for example, Ghate, V. S. Lectures on Ijtgveda. Lecture XIII 
‘Age of Rigveda’. 

16 Loc. cit., p. 192. Dikshit here points out how Kern in editing the 
Aryasiddhdnta of Aryabhata II has misread $u for bu leading to an, error 
of 570,000 in the number of revolution of the earth in a Mahayuga. 

188 17 Loc. cit., p. 124. 


data would be of no reliable use. 

6. Perhaps the most hackneyed theme on which scholars have 
dissipated considerable amount of energy is the determination 
of the year of the Bharata war. The basis for this research is 
the astronomical data picked up from the Mahabharata. The 
result of the research is that almost every worker gets a different 
year for the event. To give just three examples, Daftari 17 puts 
the war in 1197 b.c., Ketkar 18 in 258 b.c., R. V. Vaidya 19 in 2786 
b.c. In spite of such wide differences of opinion some scholars 
are so confident of their own approach that they claim to know 
the exact dates of individual events of the war. 

In my opinion the main difficulty in work of this kind arises 
out of the acceptance of the astronomical data from puranic and 
epic literature at its face value. It should not be difficult to 
realise that astronomical reference in these works are only 
incidental. There is no need to suppose that they are a result 
of actual observations taken at the time of the war. They may 
have been introduced just to give an astrological aura to the 
composition. Later interpolations, too, cannot be ruled out. The 
result is conflicting statements which the scholar tries to reconcile 
in his own way and derives his own date for the Bharata war. 


18 Referred to in Dikshit, loc. cit. p. 124. 

19 Vaidya, R. V. Bharatiyayuddhakalanirnaya in Marathi, 1964. 
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1. Why science ? 

The question ‘Why solve problems?’ is psychological. It is 
as necessary for some of us as breathing. Why scientific problems, 
not theology, or literary effort, or some form of artistic expres- 
sion? Many practising scientists never work the answer out 
consciously. A few centuries ago, questions of religious philo-. 
sophy and theology ruled supreme for the intelligentsia of many 
countries. Those lands where the leading intellectuals persisted 
in these speculations remained ignorant, backward and were 
progressively enslaved (like India) in spite of a millennial cul- 
ture. No advance was possible out of this decay without a modern 
technique of production, towards which the intellectual s main 
contribution was through science. There is a deeper relationship : 
Science is the cognition of necessity; freedom is the recognition 
of necessity. Science is also the history of science. What is es- 
sential is absorbed into the general body of human knowledge, 
to become technique. No scientist doubts Newton’s towering 
achievement; virtually no scientist ever reads Newton’s original 
writings. A good undergraduate commands decidedly more phy- 
sics and mathematics than was known to Newton, but which 
could not have developed without Newton’s researches. This 
cumulative effect links science to the technology of mechanised 
production (where machines save immense labour by accumulat- 
ing previous labour) to give science its matchless social power, 
in contrast to art and literature with their direct personal 
appeal. Archimedes, Newton, Gauss form a chain wherein each 
li nk is connected in some way to the preceding; the discoveries 
- of the later would not have been possible without the earlier. 
Shakespeare does not imply the pre-existence of Aeschylus or of 
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Kalidasa; each of these three has an independent status. For 
that very reason, drama has advanced far less from the Greeks 
to the present day than has mathematics or science in general. 
The earliest statues of Egypt and Greece, the first known Chinese 
bronzes, show a technical mastery of the material and of art 
forms that make them masterpieces even now, though the 
artists remain unknown; but the technique is not linked to pro- 
duction as such, hence not cumulative. The artist therefore sur- 
vives if and only if his name remains attached to some work 
that people of later ages can appreciate. The scientist, even 
when his name be forgotten, has only to make some original 
contribution, however small, to be able to say with more truth 
than the poet, ‘I shall not wholly die, the greater part of me 
will escape Libitina.’ The most bitter theological questions were 
argued out with the sword; for science, we have the pragmatic 
test, experiment, which is more civilized except when some 
well-paid pseudo-scientist wishes to ‘experiment’ with thermo- 
nuclear weapons or bacterial warfare. 

2. Natural philosophy 

I went to school and college in the USA. It was obligatory 
to learn several European languages in school and college. The 
libraries were unquestionably the best in the world for acces- 
sibility and range of books. Alexander von Humboldt’s Cosmos 
surveyed the whole universe known to the nineteenth century, 
from the surface of the earth to those mysterious prawn-shaped 
figures visible through the most powerful telescopes, the spiral 
nebulae. The Einstein theory, arousing passions of theological 
intensity, had just been regarded as proved, and offered new 
insight into the structure of space and time. Innumerable out- 
lines made it easy to learn something about every branch of 
science. Freud had taught men to take an honest look at their 
own minds. H. G. Wells showed through his Outline of History 
how much the professional annalistic historian had to learn. The 
inspiring lives of Pasteur and Claude Bernard proved that man 
could gain new freedom from disease through the laboratory; 
the deadliest poison became a tool for the saving of life through 
investigation of the body’s functions. Such were the real rsis 
and hodhisattvas of modem times, the sages whose social 
achievement added to man’s stature. This contrasted with the 
supposed individual perfection of mythical Indian sages, express- 
ed in incomprehensible language and fantastically interpreted 


by commentators. It is fatally easy to preach about the spiritual 
superiority of India to the materialistic West; the ability to re- 
place incomprehensible Sanskrit words by still longer and equally 
meaningless English terms can make a prosperous career. 

Engineering is based upon physics and chemistry, which are 
qualified as ‘exact sciences’ precisely because they admitted a 
mathematical basis. No other discipline unlocked the door to 
the atom or to the movement of celestial bodies equally well, 
as mathematics did. Aptitude granted, mathematical research 
needed the least financial resources of any science. However, I 
chose mathematics because I could not resist its fascination. 
Mathematical results possess a clarity and give an intellectual 
satisfaction above any others. They have absolute validity in 
their own domain, due to the rigorous logical process involved, 
independent of experimental verification upon which applica- 
tions to the exact sciences must depend. Mathematics was the 
language of nature, scientiarum clavis et porta as Roger Bacon 
put it. 

Unfortunately, not every kind of mathematics unlocks 
every door to nature’s secrets. For some twenty years, my main 
work lay in tensor analysis and pathgeometry (my own term) . 
Though fundamental for the theory of relativity, the discipline 
is of interest only to a few specialists. In 1949, Einstein pointed 
out to me during one of several long and highly involved private 
technical discussions that certain beautifully formulated theories 
of his would mean that the whole universe consisted of no more 
than two charged particles. Then he added with a rueful smile, 
‘Perhaps I have been working on the wrong lines, and nature 
does not obey differential , equations after all’. If a scientist of 
his rank could face the possibility that his entire life-work might 
have to be discarded, could I insist that the theorems whose 
inner beauty brought me so much pleasure after heavy toil must 
be of profound significance in natural philosophy? Fashions 
change quickly in physics where theory is so rapidly outstripped 
by experiment. It seemed and still seems to me that non-asso- 
ciative linear algebras and Markov chains would remove many 
of the physicists’ theoretical difficulties; the experimenters are 
satisfied with abandoning the principle of parity. The ‘red shift’ 
of distant stars will perhaps be explained one day as due to the 
absorption of energy when light travels at cosmic distances 
through extremely tenuous matter, not as evidence for an ex- 
panding universe. Such speculations are of no use unless tallied 
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in mathematical detail with observed data. 

3. Chance and certainty 

Borderline phenomena of classical physics illustrate the in- 
exhaustibility of the properties of matter. Ice, according to the 
textbooks, melts and water freezes at zero degrees Centigrade. 
But when carefully purified samples of water are slowly cooled 
and the ice slowly melted again, a considerable gap is found 
between the melting and freezing points. Fundamental particles 
that make up the atom and its nucleus show another type of 
aberrant behaviour. An electron can cross a potential barrier, as 
if a stone were of itself to roll uphill against gravity, andi down 
the other side. Even the observation of isolated particles becomes 
difficult, for the very act of observation means some interaction 
and effect upon the observable. The certainty of classical phy- 
sics comes only when many fundamental particles are organiz- 
ed into higher units with clear patterns. In the same way, indi- 
vidual molecules of water may move in any direction with al- 
most any speed, but the river as a whole shows directed motion 
in spite of eddies. So also for aggregates of living matter. In 
human society, the net behaviour of the group smooths out the 
vagaries of individual action. 

The mathematical analysis best suited for handling such 
aggregates is the theory of probability, the estimation of chan- 
ces. Variation is as important a characteristic of the collective 
as the mean value. Prediction can only be made to within a 
certain probability, which sounds like the language of the race 
course. But when the chances of a mistake amount to one in 
a million, most people take the effect as certain. The level of 
significance desired may be personal matter. For example, 
there is a chance of a letter being lost in the mail; whether or 
not we register or insure it depends upon our estimate of the 
risk involved, and the expectation of loss. Thus, modern statis- 
tical method can be an excellent guide to action. It extends the 
assurance of exact science to biological and social sciences. 
Though no man can say when death will come to him, as it 
certainly must to all men, it is fairly easy to predict within a 
reasonable margin of error about how many men out of a large 
group will die after a set number of years. That is why life in- 
surance manages to be a highly paying business, without re- 
course to astrology. It is further possible to say how the occupa- 
tion and living conditions affect longevity. The man who has to 


work in a lead mine (without special protection) has his expec- 
tation of life reduced by a predictable number of years, more 
surely than those shot at by lead bullets on the battlefield. 

The method of proof for deductions based upon probability 
differ radically from those of pure mathematics. Conclusions 
cannot be ‘true or false’ without qualification, when the variation 
inherent in the trials is assessed. The standard method is to set 
up a ‘null hypothesis’, take the observed results as due to purely 
random independent variation. The theory suitably applied (and 
the application needs profound grasp) then gives one of two 
conclusions : that the numerical observations are compatible 
with the hypothesis; or not. But either conclusion would be 
true only with a certain calculable probability, which tells us 
about how often we would go wrong in action. The trick is to 
set up the experiment in such a way that the desired action may 
be taken if the null hypothesis is contradicted; for, incompatibi- 
lity implies falsehood whereas compatibility need not imply 
truth. 

This leads to difficulties in dealing with phenomena where 
the experimenter’s will to believe is stronger than his common 
sense. Parapsychologists test ESP, ‘extra-sensory perception’ 

(such as telepathy) by having two people match cards at a dist- 
ance. The effect is so faint and irregular as to call for recondite 
statistical tests, which apply on the null hypothesis that the 
matching could have been obtained by mere chance. The tests 
then show that the chances are very small, wherefore the para- 
psychologists claim victory. The null-hypothesis is contradicted, 
but the reason given is not necessarily true. Shuffling the cards 
does not randomize them efficiently, i.e. pure chance is not 
fully effective. There are excellent statistical tests for such 
randomization, and it was shown by my own experiments that 
the kind of shuffling practised for ESP is inefficient when jud- 
ged by the same kind of statistics that is applied to card-match- 
ing. Cards originally next to each other tend too often to stick 
together. Claims for ESP would be more convincing if one pro- 
duced supplementary evidence (say matching encephalograms 
for sender and receiver) for a physical mechanism of transmis- 
sion. Some regard the effect as beyond the normal sensation, 
transcendental, not accessible to material analysis. In that case, 
there is no logic in any laboratory tests; the statistical ‘proof’ 
becomes mere ritual. 

One of my theoretical papers deals with probability and 197 


statistics in infinitely many dimensions. There has been no ef- 
fective use, because the attempts at getting a special electronic 
calculating machine to translate this theory into practice failed. 
No one with the requisite resources has yet felt the need. On 
the other hand, a paper on genetics was unexpectedly success- 
ful. Professional geneticists use it for all kinds of investigations, 
such as heredity in house mice. It seems to have given a new 
lease of life to genetical theories which I, personally, should like 
to see revised; so that I am accused at times of not appreciating 
my own formula. It would have been pleasant to see the for- 
mula applied to the increase of food production; but the pure 
scientists of a country which grows the world’s greatest food 
surpluses and destroys them to keep grain prices high in a 
hungry world sneer at ‘clever gardening’. There is some differ- 
ence of opinion here as regards the proper relation of theory to 
practice. 

4. Ancient Indian culture 

To teach myself statistics, I had to take up some practical 
problems from the very beginning. One such was the study of 
examination marks of students. It turned out that even the 
easiest of examinations in India (the first-year college examina- 
tion) was based on a standard that differed from that of the 
instruction, if in twenty-five years no student of the 90% or 
more who passed could score more than 82% overall while the 
professors who taught and examined had scored much less in 
their own time. Improvement of the system (whether in exa- 
mination or instruction) was out of the question in a country 
where the teaching profession is the waste-basket of all others, 
and the medium of higher instruction is still a foreign language. 

A more fruitful problem was the statistical study of punch- 
marked coins. It turned out that the apparently crude bits of 
‘shroff-marked’ silver were coins as carefully weighed as modern 
machine-minted rupees. The effect of circulation on any metal 
currency is obviously to decrease the average weight in propor- 
tion to the time and to increase the variation in weight. The 
theory of this ‘homogeneous random process’ is well known, but 
its applications need careful work on whole groups of coins. 
Moreover, it is necessary that the history of the coins be closed 
in antiquity, at one time; this means deposit in a well-preserved 
hoard. The main groups of punch-marked coins in the larger 
198 Taxila Hoard could be arranged in definite chronological order, 


the oldest groups being the lightest in average weight. There 
seems to have been a fairly regular system of checking the coins 
in antiquity. As control, I personally weighed over 7,000 modern 
coins (taken from circulation) one by one, on slow analytic bal- 
ances. It was then possible to lay the foundations of numisma- 
tics as a science, as contrasted to a branch of epigraphy and 
archaeology. Taxilan economy of the period was beautifully re- 
vealed by the coins though the coins bore no legends. 

Arranging coin-groups in order of time led naturally to the 
question : Who struck these coins? The hoard was dated to 
about ten years after Alexander’s death. But who were the 
Indian kings, if any, who left the marks on the coins? The writ- 
ten sources display a shocking discordance. The Puranas, Bud- 
dhist and Jain records often give different names for the same 
king. Study of the records meant some mastery of Sanskrit, of 
which I had absorbed a little through the pores without regular 
study. Other preoccupations made it impossible to spend as much 
time as the average student on the classical idiom. So, the same 
method was adopted as for study of statistics : to take up a spe- 
cific work, of which the simplest was Bhartrhari’s epigrams 
(subhdsitas) . The supposed philosophy of Bhartrhari, as glori- 
fied by the commentators, was at variance with his poetry of 
frustration and escape. By pointing this out in an essay which 
made every Sanskritist who read it shudder, I had fallen into 
Indology, as it were, through the roof. 

There was one defect in the essay, namely that the existence 
and the text of Bhartrhari were both rather uncertain. This 
meant text-criticism, which ought to have been completed in a 
few months, as the entire work supposedly contains no more 
than 3‘0«0 stanzas. Study of about 400 manuscripts showed nume- 
rous versions with characteristically different stanzas, as well 
as divergent readings in the common verses. It took two and a 
half years of steady collation work to realize that I should not 
have undertaken such a task; but abandoning it then would 
mean complete loss of the heavy labour, which could yield noth- 
ing to whoever came after me. It took some five years to edit 
Bhartrhari, with results that have received professional appro- 
val. The methods did not apply when the oldest known antho- 
logy of classical Sanskrit verse, composed about 1100 A. D. un- 
der the Pala dynasty, was edited (with a very able collabora- 
tor) from atrocious photographs of two manuscripts, one in 
Tibet, and the other — most corrupt — in Nepal. My judgment 199 


of the class character of Sanskrit literature has not become less 
harsh, but I can at least claim to have rescued over fifty poets 
from the total oblivion to which lovers of Sanskrit had consigned 
them, not to speak of adding to our meagre knowledge of many 
others. 

All this gave a certain grasp of Sanskrit, but hardly of an- 
cient Indian history; the necessary documents simply did not 
exist. My countrymen eked out doubtful sources with a powerful 
imagination and what L. Renou has called ‘logique imperturb- 
able’. One reads of the revival of nationalism and Hinduism 
under Chandragupta II, of whom nothing is known with cer- 
tainty. Indian nationalism is a phenomenon of the bourgeois 
age, not to be imagined before the development of provincial 
languages (long after the Guptas) under common markets. Our 
present-day clashes between linguistic groups are an index to 
the development of local bourgeoisies in the various states. 
Hinduism came into existence after the Mohammedan invasion. 
Clearly, one of two positions had to be taken. India has no his- 
tory at all, or some better definition of history was needed. The 
fatter I derived from the study of Karl Marx, who himself ex- 
pressed the former view. History is the development in chronolo- 
gical order of successive changes in the means and relations of 
production. This definition will have to be abandoned for a bet- 
ter one if we cross the threshold to a radically new and better 
form of society. Then and only then will human history really 
begin, but till that time my definition will have to serve. We 
have, therefore, an Indian history without the episodes that fill 
the history books of other countries. But where were the rele- 
vant new sources? Granted that the plough is more important 
than a list of kings, when and where was it first introduced? 
What class took the surplus produced thereby? Archaeology 
provided some data, but I could get a great deal more from the 
peasants. Field work in philology and social anthropology had 
to be combined with archaeology in the field as distinguished 
from the site archaeology of a ‘dig’. Our villagers, low-caste no- 
mads and tribal minorities live at a more primitive stage than 
the city people or even than the brahmins who wrote the 
puranas. Their cults, when not masked by brahmin identifica- 
tion with Sanskritized deities, go back to pre-history, just as 
Romans at their sacrifices used stone axes and bronze knives. 
Tracing a local god through village tradition gives a priceless 
clue to ancient migrations, primitive tracks, early trade routes 


and the merger of cattle-breeding tribesmen with food gatherers 
which led to firm agricultural settlement. The technique of ob- 
servation has to be developed afresh for every province in India. 
The conclusions have had a mixed reception because of refer- 
ence to Marx, which automatically classifies them as dangerous 
political agitation in the eyes of many. At the same time official 
Marxists look with suspicion upon the work of an outsider. 

The method continues to give new and useful results. Ex- 
perts say that my collection of microliths is unique, not only 
in range of sites but in containing the first known pierced speci- 
mens. A totally unsuspected megalithic culture came to light in 
this year’s field work. It fell to my lot to discover, read and 
publish a Brahmi inscription in plain sight at Karle caves, which 
had passed unnoticed though some 50,000 people visit the place 
every year. My suggestion for using Malshet pass should give 
Maharashtra a badly needed key road from Bombay to Ahmed- 
nagar, and save a few million rupees that would have been 
wasted by a projected, spectacular funicular railway down 
Naneghat. 

5. Social aspects 

The greatest obstacles to research in any backward, under- 
developed country are often those needlessly created by the 
scientist’s or scholar’s fellow citizens. Grit may be essential in 
some difficult investigation, but the paying commodity is soft 
soap. The meretricious ability to please the right people, a con- 
vincing pose, masterly charlatanism and a clever press agent are 
indispensable for success. The Byzantine emperor Nikephoros 
Phokas assured himself of ample notice from superficial obser- 
vers, at someone else’s expense, by setting up in his own name 
at a strageic site in the Roman Forum, a column stolen from 
some grandiose temple. Many of our eminent intellectuals have 
mastered this technique. 

There is little point in discussing personal experience of the 
scum that naturally floats to the top in a stagnant class. The 
deep question is of fundamental relationship between the great 
discoverers and their social environment. Conservatives take 
history as the personal achievement of great men, especially the 
history of science. The Marxist assertion is that the great man 
is he who finds some way to fulfil a crying social need of his 
times. Thus, B. Hessen explained Newton’s work in terms of 
the technical and economic necessities of his class, time and 


place. The thesis was successful enough to be noticed and con- 
tested by a distinguished authority on 17th century European 
history , Sir George Clark. Clark’s knowledge of the sources is 
unquestionably greater than Hessen’s; but the refutation mana- 
ges to overreach the argument. According to Clark, ‘the scien- 
tific movement was set going’ by ‘six interpenetrating but in- 
dependent impulses’ from outside and ‘some of its results per- 
colated down into practice and were applied’. The external im- 
pulses were ‘from economic life, from war, from medicine, from 
the arts, and from religion. What is left then of the independ- 
ence of science? The sixth impulse was from the ‘disinterested 
desire to know’. So far as I know, all six impulses applied from 
the very earliest civilisations of Mesopotamia, Egypt, China, and 
probably the Indus Valley, without producing what we recognize 
as ‘science’ from, say, the time of Galileo. What was the essen- 
tially different factor? The Marxist answer would be : ‘the rise 
of the proto-bourgeoisie in Europe’. No Marxist would claim that 
science can be independent of the social system within which 
the scientist must function. 

Much the same treatment may be given to literature. Dis- 
regarding oversimplification, can one say that Shakespeare’s 
plays manifest the rise of the Elizabethan proto-bourgeoisie, 
when the said dramas are full of kings, lords and princes? The 
answer is yes. Compare Hamlet or Richard the Third with the 
leading characters in the Chanson de Roland. Not only Pistol, 
Nym and Bardolph but the fattest Shakespearean parts like Shy- 
lock and Falstaff are difficult to visualise in feudal literature. 
The characters in those plays have a ‘modern’ psychology, which 
accounts for their appeal to the succeeding bourgeoisie, and 
hence the survival value of the dramas themselves. Troilus and 
Cressida are not feudal characters any more than they are Ho- 
meric; Newton s Latin prose and archaic geometrical proofs in 
the Principia make that work unreadable, but do not make it 
Roman or Greek science. 

Talking with Indian peasants gives a grim view of modern 
India, and of the service science can render to any society based 
upon the profit motive. The demoralisation of the poor and mid- 
dle peasants (the vast majority) is explained by the miserable 
diet on which they have to subsist, year in and year out, gene- 
ration after generation, with no hope of better. The passive, un- 
resisting stratum thus created may provide the foundation for a 
202 dictatorship that could be evoked by the naked greed of kulak 


and petty-bourgeois, the cynical grab of Big Money, facile oppor- 
tunism of pliable intellectuals and the leaden foot of a bureau- 
cracy never remarkable for honesty and efficiency. Surely, the 
problem of a better food supply is crucial, not only for attaining 
the socialism which is announced as India’s goal, but even to 
preserve what democracy the country possesses. But what can 
the scientist do? 

India, the experts tell us, is overpopulated and will remain 
poor unless birth control and population planning is introduced. 
But surely, overpopulation can only be with respect to the avail- 
able food supply. Availability depends upon production, trans- 
port, and the system of distribution — here under private con- 
trol. What is the total amount of food produced? We have theo- 
logical quarrels between two schools of statisticians, but no re- 
liable estimate of how much is actually grown, and what propor- 
tion thereof escapes vermin — including middlemen and profi- 
teers — to reach the consumer. If shopkeepers can and do raise 
prices without effective control, what does a rise in the national 
income mean? Is it the scarcity of grain or of purchasing power?' 
A great deal is said about superstitious common people who 
must be educated before birth control becomes effective. No 
superstition which runs strongly counter to their fundamental 
economic interests continues for long to grip the ‘common 
people’. Children are the sole means of support for those among 
the common people who manage to reach helpless old age. The 
futility of numerical ‘planning’ for the population, when noth- 
ing is done to ensure that even the able-bodied will have a de- 
cent level of existence, is obvious to any one but a bom expert. 
It is not that our poverty is due to overpopulation, but rather 
that the overpopulation is due to poverty. Convince the com- 
mon people that they will be fed and looked after even when 
they have no children, and birth control will immediately 
become popular. 

Let me give two small examples of scientific effort which 
could easily have been turned to better account. Considerable 
funds will be devoted during the Third Plan to research on 
the uses of bagasse (sugarcane pulp). At present, it is used as 
fuel, and the ashes as fertilizer, whereas paper and many other 
things could be made from it. But are the other uses (quite 
well known) the best in the present state of Indian economy? 
The extra money to be spent on fuel, not to speak of difficul- 
ties in getting fuel, would increase the already high cost of 
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sugar manufacture; new factories for byproducts mean consi- 
derable foreign exchange for the machinery, and for the 
‘experts’. But Hungarian scientists fermented the bagasse in 
closed vats. The gas given off can be burned, so that the fuel 
value is not reduced; the sludge makes excellent fertilizer for 
the fields, without any further treatment; this saves money on 
chemical fertilizers and improves the soil. The scheme has 
apparently been pushed into the background. Again : the proper 
height of a dam is important in order to reduce the outlay to 
a minimum, without the risk of running dry more than (say) 
once in tw T enty years. The problem is statistical, based upon 
the rainfall and runoff data where both exist. The principles 
I suggested were adopted by the Planning Commission, though 
not as emanating from me. Neither the engineers nor the 
Planning Commission would consider a more important sug- 
gestion, namely that many cheap small dams should be located 
by plan and built from local materials with local labour. Mon- 
soon water would be conserved and two or three crops raised 
annually on good soil that now yields only one. The only coun- 
try where I have seen innumerable small dams spring up dur- 
ing the last five years is China, which has not failed to con- 
struct giant dams wherever necessary. However, it is futile to 
speak — even from my personal observations in the field — 
of the exhilerating achievements, social and material, of the 
Chinese since liberation. Here, the obstacle is not ignorance, 
but private ownership and lack of co-operation. 

This country needs every form of power available, but is 
too poor to throw money away on costly fads like atomic 
energy merely because they look modern. A really paying 
development will be of solar energy. The advanced countries 
have not so much sunlight as we do, hence care less for the 
development. The problem lies deeper than is imagined. The 
reforestation indispensable for good agriculture will not be 
possible without fuel to replace firewood and charcoal. Coal 
mining does not suffice even for industry, fuel oil has to be im- 
ported. An efficient solar cooker would be the answer. Such 
cookers exist and have been used abroad. The one produced in 
India was hopelessly inefficient (in spite of the many Indian 
physicists of international reputation) . Tremendous publicity 
and a faked demonstration made the gullible public buy just 
enough useless ‘cookers’ for a quick profit to the manufacturer. 

In one matter, it was necessary to speak out though it 


meant considerable damage to finances, health and research. 
Atomic war and the testing of nuclear weapons must stop. A 
flimsy ‘Indian Report’ on the effects of atomic radiation shows 
our moral and scientific bankruptcy by ignoring the extensive 
data compiled since 1945 in the one country which has had the 
most painful experience of atomic radiation applied to human 
beings — Japan. The real danger is not death, which is a re- 
lease for most Indians, but genetic damage to all humanity. We 
know what radiation does to heredity in the banana-fly Droso- 
phila melanogaster, with its four chromosomes and life-cycle of 
eleven days. A good deal wasi found out in the USA about what 
happens to laboratory mice. What little has been released for 
publication is enough to terrify. Man is as much more com- 
plicated than a mouse as the mouse than the fruit-fly. Humans 
take a proportionately longer time to breed and to reach matu- 
rity, giving fuller scope for genetic derangements to develop. 
It may take some twenty generations to find out just wha.t 
these derangements amount to. By then they will have been 
bred into many millions of human beings, not as a disease 
but incurably as a set of hereditary characters. Mankind can- 
not afford to gamble with its own future in this way, whether 
that future lies in the hands of communists or not. 
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Scientists had so far been, primarily, preoccupied with the 
discovery of new facts, and arranging them in some order, to 
have a better and deeper understanding of nature. They had, in 
their zeal for the new, overlooked the study of the nature and 
character of science, patterns of its growth, the trends of its de- 
velopment in different cultures and at different periods of his- 
tory, and its interaction with other human activities. They had 
also given little attention to wider problems of science and its 
interaction with society. Two possible reasons, from amongst the 
many, appear to be significant; as they are historical and social 
in character, it might be worth mentioning them at some length. 

Firstly, as Whitehead pointed out in his classical book — 
“Science and the modern world” — science developed as a re- 
volt against excessive ratiocination of medieval philosophy and 
represented an assertion for primacy of observation and, brute 
facts over the facts deduced from theories. Consequently, many 
early scientists, Newton for instance, eschewed from formulat- 
ing hypothesis and theories. The idea being that as and when the 
secrets of the nature would be revealed, more facts would be 
made available, it would be possible to advocate theories which 
would be irrefutable. Further, as things stood then, it would 
not have been possible to establish new theories based on the 
meagre data and information — the latter, particularly in view 
of the overall outlook of the period and the weight of the philo- 
sophical authorities and religious dogma, and consequent politi- 
cal control. In other words, this approach was not an inherent 
part of science, but a part of its historical development, as a 
reaction to social and intellectual climate which then existed in 
the early stages of its growth. 

Secondly, it was also believed in the early stages of science 
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that, as against the knowledge as was then available, the facts of 
science were irrefutable. Bacon, for instance, felt that science 
was a direct refutation of common prejudices and superstitions, 
which then went by the name of knowledge. As against this 
everything in science was securely founded, and once establish- 
ed could not be changed. Under the influence of these ideas the 
tasks of the scientists, it was felt, was to propagate the new dis- 
coveries and explain them to the people. It was believed that as 
this knowledge would permeate to people, slowly and gradually, 
through education, the old superstitions and prejudices would 
disappear and people would acquire the new scientific outlook 
and attitudes. This was the main motive force, I believe, be 
hind the early great movements for popularization of science — 
through public lectures and debates. 

Later developments in science, however, were to tell a dif- 
ferent story. 

While this conceptual outlook continued to dominate most 
of the scientists, with the increase in specific information about 
the natural phenomena and increase in the number of scientists, 
theories began to be formulated and the available knowledge be- 
gan to be increasingly used for social purposes. The latter began 
to give shape to human dreams of a new society as well as rais- 
ed serious moral and ethical questions. These dreams, questions, 
and the debates, in the nineteenth and early part of the twentieth 
century are interesting reading; and re-reading them now does 
indicate to us, that though at the time these questions appeared 
to be an intrinsic part of science, actually they were not and 
much more was involved than mere scientific conclusions. In 
fact, they were intrinsically a part of the level of development 
of science, national outlook and attitudes of the scientists, phi- 
losophical and cultural milieu of the different countries and 
societies and the social and political developments which were 
then taking place in Europe. 

After the first world war and the events following, two pro- 
blems came to surface and gave rise to two trends. Firstly, they 
raised the question of the misuse of science for purposes of war, 
i.e. destruction, and for purposes of profit at the expense of hu- 
man good. In view of the channelling of the resources of science 
in these two directions, science could not be utilized for solving 
urgent problems of society. Secondly, there was the positive as- 
sertion, under the impact of Russian Revolution, of science as an 
instrument of social and intellectual transformation, and the 207 


need for its use in this direction. 

Considerable energy of the scientists in the thirties was 
directed towards the study and debate on these problems and 
the concept of social functions of science was developed. These 
ideas, as they were then generated, concerned themselves with 
the development of science and the impact it had on society, and 
numerous suggestions, at various levels, were thrown up to bet- 
ter organize and utilize science for well-defined social objectives. 
When contrasted with earlier role and attitudes, this particular 
period suggests that science had come of age; it could now speak 
with confidence and suggest a wide range of solutions for a 
number of problems, and begin talking as an active instrument' 
of change, and even of controlling and directing this change on 
specific lines. 

While this trend was gathering momentum, the second 
world war broke out. When it ended, man and human society 
came face to face with the senseless destruction, which had gone 
on for years, and the critical choice of survival or utter annihi-i 
lation posed by the atomic warfare. Scientists became acutely 
aware, and many suffered a sense of guilt, as being an instru- 
ment of what had happened. They, therefore, started occupying 
themselves with the problems they themselves had created. 
When they started giving serious attention to these problems, 
a new understanding began to dawn on them viz. that many 
things have changed qualitatively, requiring a new approach 
and outlook. 

It would be worthwhile to point out briefly these changes. 
Character of Science 

It may be emphasized that as a result of the accumulation 
of scientific knowledge over the centuries, science itself has 
undergone a major change. In the first stage of the evolution 
of science it gathered information about nature and threw up 
possibilities of new raw materials for use. The next stage 
was the utilization of these raw materials and as a result accu- 
mulation of new knowledge, which in turn led to modification 
of the raw materials to suit the specific needs. The third stage, 
in which we now find ourselves, is where man has begun to' 
synthesise the raw materials, in order to meet the new demands. 
The synthesis of raw material marks a total change in the situa- 
tion, in so far as man is no longer circumscribed by the materials 
available to him. He is now in a position to make any material of 
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required specification, as long as he knows what he wants and is 
prepared to invest the necessary resources to achieve the desired 
end. This brings to surface a major and new problem for the 
modern scientists — viz. choice of objectives. More of this later. 

The Scientists 

The position of scientists has also been vitally affected. From 
a lone worker, heroically pursuing his convictions he has been 
transformed into a scientific worker. The latter signifies that he 
is like any other worker, employed to do a specific job, and work- 
ing for a defined salary and for fixed hours of the day. This has 
profoundly affected his outlook, attitudes and motivations. For 
instance, as Merton and Storer have pointed out, in their studies 
on Sociology of Science, the scientists no longer look to internal 
rewards of the scientific community itself, but search for wider 
recognition by society as a whole. Hence, money, prestige and 

power have come to occupy a greater role than mere professional 
recognition. 

Secondly, the size of research projects has not only brought 
about a collaboration amongst a number of scientists in the same 
discipline or from amongst a number of different disciplines, but 
the size and character of a research team have introduced differ- 
ent concepts of cooperative work altogether. Further, the latter 
have also created a totally different type of research organiza- 
tion. Today a research project may be decided at an academic or 
academic-political level and a large number of scientists may be 
employed to achieve the objective, each group working in a limit- 
ed field, as suggested or indicated by the decision-making group. 

Much of the heavy investment research — nuclear energy, aero- 
nautics or space research — falls under such a category. 

Organization of Science 

The management problems which have come to the fore as a 
result of these changes are also significant. The organization of a 
research laboratory, as against the early research establishments 
in the universities or the Leibig type of research laboratories, has 

also undergone a major change, and has now a greater economic 
orientation. 

Besides, the number and type of laboratories have also pro- 
liferated. There are, for instance, the university research labora- 
tories acting as centres of excellence built up around eminent 
men, or independent institutes, like the Salk Institute, to provide 2 09 
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a place of work for outstanding workers who would like to take 
a chance for break-through in new areas. There are also contract 
research establishments in the universities, industries, or as pri- 
vate institutes doing specific work either for the government or 
the industry. There are also government or industry-sponsored 
laboratories built around a single area of research or to discharge 
multipurpose functions. Finally, there are huge establishments 
for research in fields like the Atomic Energy, or the Space Re- 
search. which represent a totally new type of organization for 
science. 

All these types of establishment have introduced a new 
dimension in organization of science as well as in science itself. 

Investment in Research 

There was a time when scientists were supported by men of 
means but now the various national governments are making a 
major investment in research, from which they are expecting 
many-sided returns — economic, social, political and in the field 
of defence. Consequently research is not only judged by the pos- 
sibilities of technological results but also by economic, political 
and social standards and defence objectives. 

Such an approach to research brings to fore two types of 
questions. Firstly choice of the area for investment, the choice 
of problems within the area and the size of investment. Secondly, 
questions such as to who is to make the final decision — scientists 
alone, or the economists or politicians? The overemphasis of in- 
vestment in area of defence — weaponry, space research, nuclear 
energy, aeronautics etc. and the neglect of research investment 
in biology, social research and related areas have forced the 
scientists to consider the consequences of this imbalance in 
science as well as society. The debate is now going on in a big 
way at least in the advanced countries. 

Integration of Science with Human Activities 

As a result of these developments scientists as well as others 
have come to realise, what a wit aptly expressed, that science has 
become too important to be left to scientists alone. The purely 
scientific issues and results are no longer sufficient to decide the 
merits of a research project, or the question of research invest- 
ment, but very often social, economic, political and moral issues 
have a greater sway on deciding whether an area of work has to 
210 be taken up or not. 


Kennedy s man on the moon was a political decision rather 
than purely scientific. It aimed at establishing the supremacy of 
USA over USSR, in terms of the scientific leadership and con- 
sequent political advantages accruing from it. Many voices have 
been raised against it as this emphasis has led to bypassing of 
many interesting areas of scientific research, or the latter’s appli- 
cation to the solution of many urgent and vital social problems. 
The whole series of protests against biological warfare research 
establishments have also seriously posed the moral issues involved 
as well as the problems of misuse and abuse of science. 








These discussions and debates at various levels have again 
and again posed before the scientists, as well as the society at 
large, the question of choice — choice of objectives and goals, 
choice of means to react to them and the consequent creation and 
mobilisation of resources to achieve them. It does appear from 
the available information and knowledge we possess and the 
means available at our disposal, that there is hardly any goal 
which is outside human reach. Every choice would mean the re- 
jection and discarding of a number of possibilities and the con- 
sequent change in the direction of society. The road allows only 
one-way traffic, once the direction is chosen there is no going back 

How are we to affect the choice? How are we to weigh the 
various alternatives and the consequences of each? Have we the 
means to do so? Perhaps, faced as we are with these vital issues, 
t e next step in science might be in this direction. Would that not 
mean a total change in our outlook and concepts, attitudes and 
practice. What does it mean to our society and its culture? 

Thesequestmus have to be faced and an answer to them 
sought. Whatever be the detailed answer one thing is becoming 
increasingly apparent that nothing short of a pervasive social 
transformation would suffice. Our attitudes and habits have to 
change radicaliy and we would have to re-orient our values 
totally if we have to face and solve these problems. In fact we 
have to re-weave the fabric of our life. - " 

Consequently, the main task of the scientists, apart from 
continuing with their discoveries, could be, in the context of the 
modem developments, to bring these issues to surface establish 
communications with other groups and thus to help to give sh a ^ 
to future developments. The days of classical popularization 5 
science have gone with classical science, and so have the days 
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of social relations of science with World War II. Science and so- 
ciety are now face to face with the second scientific revolution 
and post-industrial revolution; the problems of this phase are 
different and it is to these tasks to which the scientists have to 
address themselves, viz. to establish the new relations of science 
with society. 
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3 The 
Protein 
Problem 


1. Introduction 

Protein more than any other constituent of food has been 
singled out for attention in recent years. The reason is that pro- 
tein deficiency if allowed to develop in early childhood may leave 
adverse effect on health, body growth and possibly mental growth 
also, effects which are difficult to remove in later life. It is there- 
fore important to know the size and nature of the protein pro- 
blem. It will be the object of this paper to attempt such an ap- 
praisal with particular reference to Maharashtra. 


2. The overall size and incidence of the protein gap 


The estimate of the overall size of the protein gap is given 
by the difference between the per caput supply of total protein 
and the corresponding requirement and is set out in Table 1. The 
estimate of supply is based on food balance sheet data for 1963/65 
and that of requirement is based on the latest recommendations 
(ICMR 1968). It will be seen that supply exceeds requirement. 
Unlike calories, there is thus no overall shortage of protein in the 
country. The supply in fact exceeds requirement by some 20% . 
The conclusion is that the average Indian diet, while inadequate 
in calories, has more than adequate protein to meet the physiolo- 
gical needs. 


* ' wici ^uincuns a imie over 

50 grams of dietary protein against a requirement of some 45 
grams a day. And yet there is ample evidence to show that an 
appreciable part of the population do not get adequate protein to 

?rV h KT P ^ y f° l0gical needs ’ This is best seen from Table 2 
The Table relates to data for Maharashtra. It shows that as ini 

come improves, the supply of total protein in the diet also im- 
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proves. Further, the protein deficiency is seen to fall heavily on 
the poorest sections. Clearly, with the rich taking enough and 
more and the poor only what they can afford, proteins appear 
to be very unevenly distributed in the population. 

The foregoing analysis suggests that an appreciable part of 
the population has a diet deficient in protein. It does not however 
make possible an estimate of this proportion. To assess the latter 
one must turn to the distribution of protein intake relative to 

requirement. Given such distribution f for intake u and 

requirement v we can express the incidence of protein deficiency 

u 
v 

0 ) 

v 

The evaluation of expression (1) however presents a diffi- 
culty, since there is almost complete lack of information on the 
frequency function. What are generally available are the protein 
intake distributions of households on a nutrition unit 1 (reference 
man) basis. Given such a distribution g (u) it can be shown that 
expression (1) can be approximated by 

/S(u)d(u) (2) 

the integral being taken over the range u < i! - 3 o-y 
where i' is the requirement of protein of NPU = 100 of 
the reference man and ay 1S the standard error of house- 
holds on a nutrition unit basis (Sukhatme, 1961). Ordinarily, in a 
well-fed population with no one protein deficient and assuming 
normal distribution, most households can be expected to have 
their protein intake per nutrition unit higher than the critical 
limit given by i' -3 a-, i.e., the average requirement of the re- 
ference man minus three times the standard error. It follows that 
in any observed distribution the proportion of households with 
protein intake per nutrition unit falling below i'-3ay may be 
taken to provide an estimate of the incidence of the protein gap 
in the population. 2 

1. The nutrition unit for protein represents the average requirement of 
the reference man, namely 30 grams of reference protein of 
NPU = 100. 

2. The existence Of protein deficiency in the diet of a household does 
not mean that the diet of every member of that household is deficient 
in protein. Food is not distributed in proportion to needs, especially 


/ f (vH 

u <1 


Table 3 gives the observed distribution of protein intake per 
nutrition unit in households of Maharashtra based on the data 
for the National Sample Survey collected in the course of the 
14th Round during 1958. To estimate the critical limit it is known 
that the coefficient of variation of protein intake among healthy 
active individuals of the reference type is of the order of 10% . 
Assuming that households on average consist of four nutrition 
units, this implies a standard error of 1.5 grams per household 
per nutrition unit. Since the average requirement of the reference 
man is 30 grams) of reference protein, it follows that the critical 
limit for assessing the proportion of households with inadequate 
protein intake can be placed at 30 — 3 X 1.5 or 25.5 grams. In view 
of the fact however that protein distribution is very skew it ap- 
pears appropriate to place the cut-off point at two times the 
standard error instead of three, thereby giving the critical limit 
the value of 27 grams of reference protein at the physiological 
level or roughly 29-30 grams at the retail level. Table 3 shows 
that about % of the total households from Maharashtra have a 
protein supply less than the critical value of 29 grams of reference 
protein. In other words, we may consider that Va of the people 
have a diet which is inadequate in protein. The respective values 
for urban and rural Maharashtra are 30% and 20% in round 
figures. 

Table 4 gives the observed distribution of calorie intake per 
nutrition unit for calories based on the same households for 
which protein distribution has been given in Table 3. It has 
been shown elsewhere (Sukhatme, 1965) that the critical limit 
to estimate the incidence of calorie deficiency is 2300 calories at 
the retail level. It follows that about one-third of the people in 
Maharashtra are calorie deficient or undernourished. 

It is interesting to note that the proportion of households 
with inadequate protein intake is less than the corresponding 
proportion with inadequate calorie intake. In other words, the 
incidence of protein deficiency appears to be smaller than the 
incidence of calorie deficiency in the population. Thus, whereas 
the incidence of calorie deficiency is about 1/3, that for protein 

in poor households . The same also holds, though to a smaller extent, 
for households with a protein supply above the critical limit. For want 
of information on individual intake it has been assumed that the two 
groups broadly come to balance each other and that in consequence 
the proportion of protein deficient households may be equated to the 
incidence of protein deficiency in the population. 
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deficiency is only V 4 . It needs to be noted however that the in- 
cidence of protein deficiency in the population represents the 
proportion of persons with diets inadequate in protein intake 
and not the proportion of people who suffer from protein mal- 
nutrition, clinical and sub-clinical. We shall elaborate on this 
in the following section. 

3. The incidence of protein malnutrition 

In the analysis presented above, it has been assumed that 
the utilizable protein in the diet is independent of the calorie 
intake. The assumption is not valid. For when the diet is inade- 
quate in quantity, as measured by its calorie content, the pro- 
tein in the diet is partly diverted from its primary function to 
the provision of energy. The level of calorie intake below which 
this occurs can be derived from the work of Miller and Payne 
(1961). They have shown that on average a man will need a little 
over 6 calories for the synthesis of one calorie of protein. Since 
a reference man on average needs 1400 calories for basal meta- 
bolism it follows that the additional energy for anabolizing pro- 
tein needed by the reference man will be roughly 120 x 6.2 = 
750 calories. In other words, a reference man will need to have 
an amount of 2150 calories at the physiological level or the 
equivalent of approximately 2300 calories at the retail level in 
order that he may be able to utilize fully the protein in his diet. 
This minimum value is precisely the critical limit below which 
a man can be said to be calorie deficient. 

It follows that the incidence of protein malnutrition cannot 
be equated with the incidence of protein deficiency in the popu- 
lation. To the latter we must add the proportion of those who, 
although taking adequate protein, do not take adequate calories 
in order to efficiently utilize the protein in their diet. 

Given then a bivariate distribution h (x, u) for calorie 
and protein intake in households on a nutrition unit basis, we 
can express the incidence of protein malnutrition I formally thus, 

I== y’g( a ') da +y’ J'A (*> u) dx du 
u < i' - 2 «r v %< i-3 ffy 

/ d - 2 CT - (3) 

where / 

S (h) = f h (x, U) dx 

all x / 


calorie intake of a household per nutri- 
tion unit for calories. 

calorie needs of a household on the as- 
sumption that physical activity corres- 
ponds to that of the reference man. 

calorie requirement of the reference 
man. 

protein intake of a household per nut- 
rition unit for protein of NPU = 100. 

protein needs of a household in terms 
of protein of NPU = 100. 

protein needs of the reference man in 
terms of protein of NPU = 100. 

represent standard errors of house- 
hold on nutrition unit basis for calories 
and proteins respectively. 

To evaluate expression (3) we need data in the form of 
bivariate distributions of calorie and protein intake on a nutri- 
tion unit basis. We have compiled such distributions for urban 
Maharashtra, rural Maharashtra and the State as a whole for 
households tabulated in Table 3 and 4. (Sukhatme, 1969.) Want 
of space precludes us from reproducing them all here. Instead 
we have reproduced only one distribution relating to the State 
as a whole. This is shown in Table 5 . 

In Table 6 we have summarized the results of these bivariate 
distributions for urban Maharashtra and rural Maharashtra and 
the State as a whole. The Table shows the contributions of the 
first and second terms of expression (3) . It will be seen that 
there are some 10 % of the total households which, although re- 
ceiving adequate or more than adequate protein, are not able to 
meet their protein needs for lack of adequate total calories in 
the diet. Substituting from the Table in expression (3) we get 
for I 

I = 26 + 10 = 36 

We thus see that whereas the incidence of protein deficiency 
when based on protein intake alone is 26% it increases to 36% 
when the inter-relationship between protein and calories is / 
taken into consideration. In other words, while about one quar- 217 
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ter of the households do not have adequate protein in their diet, 
that is, are protein deficient, the proportion of households which 
suffer from protein malnutrition is much larger and can \ be 
placed at a little over one-third. The respective values for the 
incidence of protein malnutrition in the urban and rural areas 
of the State of Maharashtra are \ 

I urban = 38 -j- 13 = 51 \ 

I rural = 21 + 8 = 29 

4. Nature of the protein problem and its implications 

More generally the incidence I of protein malnutrition can 
be expressed as the sum of three terms 

I = A + B + E 

corresponding to the three cells of the 2x2 diagram shown be- 
low where the dividing lines are placed at the critical limits for 
calories and proteins. 

Protein Calories as % of total calories for 
different cells of the 2x2 table. 


CD 


NCD 


PD NPD 


10.0 

13.6 

A 

B 

6.2 

11.4 

E 

F 


Term A comprises households whose diet is deficient in 
both calories and protein but which nevertheless has a protein 
calorie ratio of well over the 8% needed by the reference man 
taking his requirements of proteins and calories from a diet 
with protein which has an NPU of 55. It will be seen that 
over 60% of the protein malnourished households in the State 
belong to this cell. The percentage contribution of cell A to the 
total malnourished is twice as much for the urban as for the 
rural area. Clearly, the primary need of the households in this 
cell is to have an adequate quantity of food. To give more pro- 
tein to households of this cell without ensuring that these pro- 
teins bring calories with them can hardly serve any purpose. 

Term B comprises households whose diet is marked by a 
\ predominant calorie deficiency but which has no shortage of 
proteins as such. The protein calorie ratio for the diet represent- 

\ 


ed by this term is 13%, which is much higher than the 8% 
needed to meet physiological needs. Nevertheless, these indivi- 
duals also suffer from protein malnutrition because they are 
not able to synthesise all the proteins they get from their diet 
for lack of adequate calories. Table 6 shows that term B ac- 
counts for a little over one quarter of the protein malnourished 
households in the population. The pressing need of this group 
is clearly for more food and more calories and not more proteins. 

Term E comprises households whose diet is predominantly 
deficient in protein but adequate or more than adequate in ca- 
lories. This dietary pattern is characteristic of diets which have 
a staple food like cassava or sweet potato and is known to lead 
to kwashiorker. Unlike cells A and B whose contribution to the 
total malnourished is much larger, this cell is seen to account 
for only a small proportion of the total number of protein mal- 
nourished households in the State. In particular, its contribution 
is seen to be only about one-tenth of the total number of pro- 
tein malnourished. The protein calorie ratio for the diet repre- 
sented by this term is significantly smaller than needed by a 
man taking his requirements of proteins and calories. The pres- 
sing need of this group is clearly for more proteins irrespective 
of whether such proteins bring calories with them or not. 

It follows that for the vast majority of children who are 
protein malnourished, protein malnutrition is the result of an 
inadequate quantity of food. The limiting factor as Gopalan puts 
it (1968) is the calorie supply and not proteins. This is best seen 
by combining terms A and B to represent a single term of 
calorie deficient individuals and expressing the incidence of 
protein malnutrition as the sum of calorie deficient and those 
who are calorie sufficient but who do not have adequate protein 
in their diet. Thus from Table 6 we have 

I State = 32 + 4 = 36 

The corresponding values for urban and rural areas are given by 
I urban = 46 4- 5 = 51 
I rural = 25 + 4 = 29 

Clearly some 90% of the protein malnourished suffer from 
undernutrition, that is, are calorie deficient. The implication of 
this result is that proteins which cannot bring calories are un- 
likely to make any significant contribution to the solution of the 
protein problem in the country. It is for this reason among 
others that measures such as fortification of wheat with lysine 
cannot provide a solution to the protein problem in the country 


unless the object of such fortification is to make a loaf into a 
weaning food which it is not and cannot be. Lysine is not even 
the limiting amino acid in the diet of the poor. In any case, for- 
tification with lysine cannot improve the calorie content. Much 
the same remarks apply to petroleum proteins, but we shall not 
further elaborate on these measures since their discussion is out- 
side the scope of the paper. 

It remains to be shown that the protein calorie ratio for a 
man taking his physiological requirements of proteins and ca- 
lories is met by a cereal/pulse based diet normally consumed by 
him Table 7 shows values of the protein calorie ratio based on 

?™^rr enda “ 0nS f ° r Cal ° rie and protein requirements 
(ICMR, 1968). The requirements for protein relate to dietary pro- 
tein having an NPU of 55 which is in fact the npu of the aver- 
age Indian diet. It will be seen that the protein calorie ratio for 
a man taking his exact requirement of protein and calories does 
not exceed 8% for any of the age groups except infants between 
six months and one year old for whom the protein calorie per- 
cent ratio is 9. The protein calorie ratio for children is actually 
smaller than for adults and even for toddlers it is not much 
lgher than for adults. The widespread belief that diets for 
c ddren must contain very much more concentrated protein 
than the diets given to adults is just not true. 

Table 8 sets out the values of protein calorie ratio for dif- 
ferent foods and their combinations. A comparison with Table 
7 shows that even if the diet were to consist of wheat or rice 
alone it could meet man’s needs for proteins. Wheat has a pro- 
tein value adequate for all ages. The same is true of rice. How- 
ever, no one lives on wheat or rice alone. The cereal is usually 
supplemented by pulses or vegetables, however small in amount. 
Even a loaf of bread is taken with tea with milk. Consequently, 
the protein value which is already adequate is further enhanced 
thereby more than meeting man’s needs for protein. We conclude 
that man’s needs for protein can be adequately met by the ce- 
real/pulse based diet already taken in the country provided he 
takes enough of it to satisfy his calorie needs. 

Infants will of course need special attention. In particular, 
it will be important to ensure a smooth transition from breast 
milk to solid diet. Weaning foods, provided they are cheap, 
may have a real contribution to make here in stretching the 
milk supply. In so far as the urban areas are concerned, there 
is already a heavy demand for milk and the dairy industry is 
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making notable progress. It will be important to ensure that 
this progress continues unhindered. Technology has a large 
part to play in this process by enabling the expansion of the 
available milk supply by toning and like measures. In so far 
as the rural areas are concerned, we must look to the cattle on 
the farm to provide the needed milk. The task is not easy but 
where this is the case, pulses suitably prepared, as for example 
idli, can well be used as a weaning food provided the quantity 
given to infants is not unduly high to start with. Further dis- 
cussion is beyond the scope of the paper. 

5. Summary 

A little over one-third of the people of Maharashtra appear 
4o be protein malnourished. Some 90% of the protein mal- 
nourished do not get enough food to eat, that is, are calorie de- 
ficient. Only some 10% have a diet which is predominantly de- 
ficient in protein and yet is adequate or more than adequate 
in total calories. Proteins which do not bring calories with 
them are therefore unlikely to make any significant contribu- 
tion to the solution of the protein problem in the State. Since 
the problem of protein malnutrition is confined to infants and 
young children it will be important to ensure a smooth transi- 
tion from breast milk to solid diet by providing infants with 
protein from animal sources like milk or suitable cereal/pulse 
based preparations, e.g., idli or other weaning foods, such as 
lactone. Once the transition is smoothly achieved the cereal/ 
pulse based diets normally consumed by the people can meet 
man’s needs for protein provided enough food is taken to satisfy 
his energy needs. 
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Table 1 

Calorie and Protein Supplies per Caput (1963-65) and 
Corresponding Requirements Based on ICMR Recommendations 

1968 


Protein 
Supply in 

Protein terms of Reference 
Require- ref. Pro- Protein 
Calorie Protein ment tein of Require- 
Calorie Require- Supply npu = 55 npu 100 ment 
Supply ment g g g g 


Physiological 


Level 

— 

2080 

— 

38.5 

— 

21.2 

Retail Level 

2050 

2280 

53.4 

42.3 

28.6 

23.3 


Table 2 

Daily per Caput Calorie and Protein Supply by Expenditure 
Level, Maharashtra State , India 1958 


Monthly per caput expenditure in Rupees 


Item 

0-8 

8-11 

11-13 

J3-18 

18-24 

24-34 

34- 

Average 

Total calories 

Total proteins 

1,120 

1,560 

1,850 

2,190 

2,440 

2,530 

3,340 s 

5 2,100 

in grams 

30.7 

45.0 

52.8 

60.4 

66.3 

71.7 

85.7 

59.7 

Number of 

households 

76 

114 

87 

82 

102 

83 

349 

893 


* This value appears unduly high. It is stated tH£t this is partly due to 
the exclusion from the household size of guests and labourers taking: 
meals. 


Table 3 


Distribution of Households by Protein Intake per Nutrition 
Unit (in terms of Reference Protein — grams per day) 
Maharashtra 



Rural 

Urban 

Total 


% frequency 

% frequency 

% frequency 

0-5 

.3 

2.6 

1.0 

5-10 

1.4 

.4 

1.0 

10 - 15 

2.2 

2.6 

2.3 

15-20 

3.9 

5.5 

4.4 

20 -25 

6.6 

15.8 

9.5 

25-30 

8.1 

14.0 

10.0 

30 -35 

9.8 

15.4 

11.6 

35-40 

14.2 

12.0 

13.6 

40-45 

10.5 

11.0 

10.7 

45 - 50 

9.8 

7.0 

9.0 

50-55 

7.5 

4.4 

6.5 

55 - 60 

5.9 

3.3 

5.1 

60 - 65 

5.1 

2.2 

4.2 

65 - 70 

4.1 

1.5 

3.3 

70 - 75 

3.2 

1.5 

2.7 

75-80 

2.9 

— 

2.0 

80 - 85 

.9 

— 

.6 

85 - 90 

1.5 

— 

1.0 

90 - 95 

.3 

— 

.2 

95 - 100 

.5 

.4 

.5 

100 and over 

1.3 

.4 

.8 


100.0 

100.0 

100.0 


Rural 

Urban 

Total 

N 

590 

272 

862 

X 

44.57 

34.81 

41.50 

S.D. 

19.6 

15.2 

18.6 

C.V. 

44% 

44% 

44% 

% Incidence > 27 

18% 

33% 

22% 
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Table 4 


Distribution of Households by Calorie Intake per Nutrition 
Unit in Maharashtra 


Calories 


Urban 


% frequency % frequency 


900 

2.2 

900 - 1300 

3.5 

1300 - 1700 

5.4 

1700 -2100 

9.1 

2100 - 2500 

10.7 

2500 - 2900 

19.0 

2900 - 3300 

13.6 

3300 - 3700 

11.7 

3700 - 4100 

6.3 

4100 - 4500 

5.1 

4500 - 4900) 

5.8) 

4900 - 5300 1 >4500 

3.4)13.4 

5300 j 

4.2) 


2.9 

4.0 

12.5 

17.3 

18.0 

12.5 
9.2 

9.6 

5.5 

3.7 

2 . 2 ) 

.4)4.8 

2 . 2 ) 


% frequency 

2.4 

3.7 

7.7 

11.7 

13.0 
16.9 
12.2 

11.0 
6.0 

4.7 
4.7 
2.4 
3.6 




100.0 


100.0 

100.0 



Rural 


Urban 

Total 

N 


590 


272 

862 

X 


3040 


2572 

2892 

S.D. 


1138 


1030 

1124 

c.v. 


37% 


40% 

39% 

% incidence < 

2150 + 





7% 

2150 

26.3 


47.5 

33.4 



224 




Table 
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Table 7 


Protein Requirements Expressed as Protein Calories per cent 
from a diet having an npu of 55 


Age 

Requirement of 

Requirement 

NDP 

% Calorie 


protein of 

of calories/Kilo 

Cal % 

from Protein 


npu 100/Kilo 



of npu = 55 



g 




% - 1 

1.4 

110 

5.1 

9.2 

1-3 

0.73 

100 

2.9 

5.3 

4-6 

0.69 

83 

3.3 

6.0 

7-9 

0.66 

80 

3.3 

6.0 

10 - 12 

0.62 

68 

3.7 

6.6 

13 - 15 

0.59 

59 

4.0 

7.3 

16 - 19 

0.54 

57 

3.7 

6.9 

20 - 30 

0.54 

50 

4.3 

7.9 


Per cent Calories Obtained from Proteins in Different Foods 
(mixtures providing 2800 Calories) 


Wheat 

Wheat + pulse 
(12 : 1 ) 

Rice 

Rice + pulse 
(5:1) 


% Calorie from 
Proteins 


A/T 

A/T 

Revised 

% Calorie from 
Protein 

adjusted t 
npu = 55 

39 

43 

12.6 

9.1 

51 

56 

14.1 

12.7 

56 

62 

7.6 

8.4 

60 

66 

9.0 

”10.2 


Notes : 


A/T represents the chemical score with amino-acid composition 
of egg as the reference pattern. 

A/T revised, allows for underestimation of the chemical score 
based on Payne’s relation between NPU standardized and 
the chemical score. 

Figures in the last column are obtained by multiplying figures in 
columns (3) and (4) and dividing by 55. 
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On the 
Scarcity of 
Simple Groups 


Denote by f ( x ) the number of integers n < x for which there is 
a simple group of order n. Dornhoff [2] proved that f (x) = o (x) 

and Dornhoff and Spitznagel [3] proved that (c 1 , c 2 , denotes 

suitable positive absolute constants) 


( 1 ) 


f (x) < C ± X 


• logloglogjf H 
, loglogx J ' 


Denote by f 1 (x) the number of integers n < x for which 
there is a non-cyclic simple group. We are going to prove the 
following sharper result. 

Theorem 1. 


f x (x) < 

exp 


((^ 7 = + 0 (1) j (logxloglogx) 2 ^ 


Denote by P(u) the greatest prime factor of u. Let <u 2 
< ... be the sequence of all integers which have a divisor 
L| m -j > 1’*- = 1 (mod P(u.)). Let v <v 2 <... be the sequence 

of all integers such that for every p|u^ there is a divisor 

t.(p) of v. satisfying t.(p) = 1 (modp), t.( p) > 1. Clearly every 

v is a u. Thus U(x) > V(x) ( U(x) = j 1, V(x) = x 1 )■ 

J/jCX u i <x 

It follows from classical results on non-cyclic simple groups 
that if there is a non-cyclic simple group of order n then n is 

a v v For if ,p a |» f p* + ^/| / n then the number of Sylow subgroups 
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t(a,p) of order p x must be a divisor of n ; further t(oc,p) = 1 (modp) 
and if the group is non-cyclic we must have t(a,p) > 1. 

Instead of Theorem 1 we prove ^ (x)<:V(x) < U(x)'j anc j 


U (x) <■ 


exp C ( + 0 ^ ) (iog-^iogiogx) 1 


Denote by (x, y) the number of integers not exceeding x 
all whose prime factors are < y. Put y z = x and assume 
z < 4 y% logy. A theorem of de Bruijn then states that [1] 

(3) \], (x, y) < c 2 x(logx) 2 exp(-z logz-z log logz + c 3 z). 

Now we are ready to prove (2). We split the integers u x < x 
into two classes. In the first class are the integers < x all whose 

prime factors are less than exp ( *° g log * j * j = /(je) , and 

in the second class are other u’s. U f (x) (i = 1, 2) denotes the num- 
ber of u’s not exceeding x of the /-th class. By (3) we have by a 

simple computation ( z = * logz = (i + o(l)) loglogx)^ 

(4) l/ 1 (x)<\^(x,/(x))<xexp ^ + o (l)] (logxloglogx)^. 

Now we estimate the number of u’s of the second class 
U 2 (x). We evidently have 


U 2 (x) < 2 

’ p>m 


OO P* "" 

2 - x 

t = 1 P (tp + 1) 


< 2 2 — ± — 

P>I(x) t =l p ^P^ 


< X 2 


1 * i 

XT' J- 


P >/ (X) t = l 


2 — < c 4 xlogx 2 
“* * _ \ 


P>I(x) P ‘ 


< c 4 xlogx//(x) 


Now since U (*) = U x (x) + U 2 (x), (4) and (5) implies (2) 
and this completes the proof of Theorem 1. 

With a little more trouble we can prove 


Theorm 2. U(x) = 


exp ^(l+o(l)) (21ogxloglogx)^ 


We only outline the proof of Theorem 2. It is easy to see 

that 

<6) u(x)< % ? p ) 

where the dash indicates that the summation is extended over all 
integers t > 1 for which all prime factors of tp + 1 are less than 
or equal to p. 

Using (3) we can deduce from (6) by a somewhat intricate 
computation that 

(7) f, (x) < U(x) < - — ■ 

exp ( (l + o(l) (21ogxloglogx) 2 J 

To prove the opposite inequality we first observe that 

(8) u W > (i + o(D) s r '/'(xijhr*) 

The proof of (8) is somewhat cumbersome and we suppress it. De 
Bruijn [1] proved that the right side of (3) also gives a lower bound 
for \js (x,y) (for a different value of c 3 ). From this fact and from 

(8) a simple computation gives 

(9) U(x) > - TT- • 

exp 1(1 + o(l)) (21ogxloglogx) 5 j 

Using (6) and (8) it perhaps should be possible to give an 
asymptotic formula for U (x), but I have not succeeded in doing 
this. 

I can prove that for x > x 0 

(10) A (x) < F(x) < — — • 

exp ( 'J 2 + c 5 ) (logxloglogx) 2 

The proof of (10) is not quite simple and we suppress it. Further 
I can prove 

(11) V (x) > 3 L— 

exp (c 6 (logx) 2 logiogx) 

I do not know which of these estimates is closer to the true 
order of V (#) • 


231 


j. v. iNd(iir\ai 


mj nau uuuiiij auu 

Laboratory Physics 


l-r 7 

It seems likely that f x (x) < x but (11) shows that the 
method used in this paper cannot be used to improve our 
estimate for (x) very much. 
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Introduction 

A look at the history of physics through the centuries shows 
that a physical theory can never be proved — it can only be 
disproved. Many well established theories had to be abandoned 
when it was realized that they could not explain fully the ob- 
served phenomena. In this sense Nature has always been one 
step ahead of man. 

The observed phenomena can be classified into two cate- 
gories — the controlled and the uncontrolled. The phenomena 
in the former category include experiments that can be perform- 
ed in the laboratory. In such experiments it is often possible 
to vary different parameters in the environment, and thereby 
to test the predictions of a theory extensively. The phenomena 
in the second category do not permit such freedom of manoeuvre. 
Here man can only watch events as they occur in Nature, with- 
out being able to reproduce them in the laboratory. Such phe- 
nomena are found in astronomy. To obtain the maximum possi- 
ble information from such phenomena requires a great deal of 
patience and ingenuity on the part of the observer. Also, the 
observed results do not have the same degree of accuracy that 
one expects from laboratory experiments. 

For this fundamental difference, astronomy has stood apart 
from laboratory physics, although . both have contributed and 
will contribute towards the progress of fundamental physics. A 
few centuries ago, laboratory physics was practically non- 
existent, and the theories of physics were tested on the astro- 
nomical observations. Since then the balance has swung in the 
opposite direction. While no dramatic progress was made in the 
astronomical techniques, the science of laboratory experimenta- 
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tion made rapid advances. Thus it was that while Newton’s 
law of gravitation arose because of astronomical observations, 
the Maxwell equations, the theory of relativity, the quantum 
theory, all have been contributed by laboratory experiments. 

Over the last two decades, however, observational astro- 
nomy has prospered remarkably. The use of new and big optical 
telescopes and the birth of radio astronomy have considerably 
widened the horizons of the observational astronomer. More- 
over, recent techniques in cosmic rays, y-rays and X-rays also 
promise to add to our information about the universe. It is there- 
fore of interest to ask whether astronomy can again contribute 
towards the progress of fundamental physics. 

We follow the discussion from two points of view. Accord- 
ing to one point of view theoretical physics is guided by labo- 
ratory experiments alone, and the astronomical observations 
merely provide a wider framework in which to test the laws 
obtained in the laboratory. The second point of view is that 
we cannot talk of laboratory physics in isolation; and that the 
behaviour of the local system is influenced by the universe in a 
non- trivial manner. We shall consider the two points of view 
in that order. 


From the Local to the Distant 

Although with considerable ingenuity man has greatly 
widened the scope of the laboratory experiments, he is still 
limited by his environment. Thus he can test the behaviour of 
physical laws over a limited range of variables and then rely 
on an extrapolation of these laws to conditions outside the range 
of his experiments. This is where astronomy can make a valu- 
able contribution. Because of the vast dimensions of space and 
time involved in the astronomical phenomena, we have an oppor- 
tunity of testing the various laws of physics in situations that 
cannot be achieved in the laboratory. Below we shall discuss 
some of these situations and see how far the extrapolation from 
laboratory has been successful. 

(i) Motion of heavenly bodies — As mentioned before, as 
tronomy provided an excellent testing ground for Newton’s laws 
of gravitation. The simple inverse square law 

F = G m ' m2 (1) 

r 2 


which explains the drop of an apple, can also account for the 
motions of planets and satellites which so much puzzled the 
early Greek astronomers. Because of the weak nature of the 
gravitational interaction it has not been possible to test this law 
in the laboratory as extensively as for instance Coulomb’s law 
could be tested. The big masses of astronomical objects gene- 
rate appreciable gravitational forces. Indeed, gravitational force 
is the major known force considered in the motion of stars and 
galaxies. 

Although the law given by (1) worked very well in astro- 
nomical dynamics, the first hint that all is not well came also 
from astronomical observations. Newton’s law predicts that 
planets, moving under the attraction of the Sun, follow ellipti- 
cal orbits. These orbits are slightly disturbed when the inter- 
action between planets is taken into account. The paths of the 
planets as predicted by the theory can be compared with the 
observed data. A slight discrepancy was noticed in the case of 
planet Mercury. A rotation of some 42" per century of the 
perihelion of Mercury could not be accounted for. The discre- 
pancy could, however, be explained by Einstein’s general theory 
of relativity. In general the differences between the predictions 
of the two theories is so minute that laboratory experiments 
are difficult to devise to differentiate between them. The above 
example shows how astronomy can be useful under such cir- 
cumstances. [There are two other astronomical tests which dis- 
tinguish between Newton’s and Einstein’s theories. These are 
the bending of light by a massive object and the redshift of light 
Waves travelling from strong to weak gravitational fields. But 
the actual observations are not accurate enough.] 


(ii) Stellar evolution and nucleosynthesis — The structure 
and evolution of stars provides an excellent example of the 
difference between laboratory science and astronomy. In the 
laboratory gravitational force is weak while the nuclear force 
is strong. The two are, however, comparable in a star. In fact 
the question ‘What keeps the Sun shining?’ could not be answer- 
ed until it was realized that the Sun obtains its energy by 
burning nuclear fuel. 

In a simple model of the Sun, its equilibrium equations are 


dp_ GM(r)P dM(r) 

17= 2 — ’ — ; — = 4wr 2 P, 

dr r 2 dr 
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(2) 


P = — pT + ^aT 4 , 

fi * 

a T 3 ( ^'^ 1 - _ ^ # L(r) 
dr 47v c 47 *r 2 ’ 


dL(r) 

dr 


47rr 2 Pe. 


The first equation denotes hydrostatic equilibrium between pres- 
sure and gravitation. The second relates mass to density while 
the third relates pressure to density and temperature. The fourth 
equation shows how the energy generated in the Sun is trans- 
ferred from inside to outside, while the last equation relates 
the energy output to the nuclear energy source. The remark- 
able point about these equations is that they are the extrapola- 
tions of results obtained in the laboratory, and that their solu- 
tion gives a very accurate description of the Sun! 

' This method has been applied to other stars to obtain the 
relations between their mass and luminosity and mass and ra- 
dius. The results depend naturally on the chemical composition 
of the star. This changes as the star burns its nuclear fuel. Thus 
a star evolves with time, changing its luminosity and radius. 
Although the change in a given star during man’s lifetime is 
Very small, different stars in various evolutionary stages have 
been observed. The agreement between theory and observation 
is encouraging enough to justify the application of laboratory 
physics to astronomy. 

By changing the nuclear species inside, the star acts as a 
thermonuclear reactor. The extreme conditions of temperature 
and pressure in the star have not yet been simulated in the 
laboratory. Stars in different stages of evolution provide us 
with information about the working of different thermonuclear 
Ireactions. The predictions of the theory can be tested by compar- 
ing the calculated abundances of different elements with the 
observed ones. The problem was first considered in detail by 
Burbidge, Burbidge, Fowler and Hoyle (1957) . 


(iii) High energy astrophysics — The high energy pheno- 
mena in astronomy provide even more extreme conditions than 
those found in the stars. Here the extrapolation of laboratory 
physics has not been so successful. For example, we are as yet 
not able to account for the energy reservoirs of strong radio 
sources. Synchrotron process gives the best explanation of this 
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type of radio emission. Using the synchrotron theory and the 
observed estimates of radiation flux, we can estimate the energy 
in the source in the form of magnetic field and the charged 
particles. Taking into account various efficiency factors, we 
arrive at a required reservoir in the region of 10 62 erg. for a 
strong radio source. How is such a reservoir built up? Here we 
are in the same position that the astrophysicists were in, when 
they were trying to account for the energy generation in stars 
before the advent of nuclear physics. 

The situation in respect of strong radio sources was made 
inore dramatic by the discovery of quasi-stellar objects. These 
are highly compact, highly luminous (in radio or optical region 
or both) objects with usually large redshifts. If we interpret 
the redshifts as cosmological, these objects must be very distant. 

We then have to explain enormous reservoirs of energy (of the 
order of 10 s solar masses) in very compact forms. Severe diffi- 
culties are encountered when we take into account the rapid 
fluctuation of energy output from these objects. In some cases 
the time scale is of the order of a few days. This sets an upper 
limit to the size of the object since we do not expect the disturb- 
ance to travel faster than light. Thus in some cases we may be 
dealing with objects of linear size 10 16 -10 17 cms only! These 
difficulties have prompted some to suggest that these objects 
are not so distant. Their redshift could be due to Doppler effect 
if they were thrown out in an explosion or to the presence of 
strong gravitational fields. In the latter case, very large redshifts 
(z ~ 2 in some cases) point to the radius of the object being 
close to its Schwarzschild radius. Such a situation has not been 
encountered in other massive objects in astronomy, let alone in 
the laboratory. It would be interesting therefore to investigate 
Whether general relativity remains valid under such extreme 
conditions. 

Observations of cosmic rays, y-rays and X-rays from astro- 
nomical objects provide information about elementary particle 
physics at high energies. Particles of energies far higher than 
those produced in the laboratory accelerators are observed in 
cosmic ray showers. Many of these observations have not been 
understood in terms of what is known in the laboratory. The 
problem of the origin of cosmic rays still remains a mystery. 

(iv) Cosmology — The biggest extrapolation of laboratory 
physics was attempted when the general theory of relativity 237 


was employed to construct models of the universe Models 
considered by Friedmann (1924) and by Robertson (1935) and 
Walker (1935, 1936) assumed large scale homogeneity and iso- 
tropy. Under these assumptions the geometry of the universe is 
described by the line element 

ds 2 = c 2 dt 2 - S 2 (t) £ + r 2 (d0 2 + sin 2 0d0 2 ) J , k = o, ± 1, (3) 

where r = constant, 0 = constant, $ = constant denote the 
world line of a typical galaxy, and t is the cosmic time. Thd 
surfaces t = constant are homogeneous and isotropic. S (t) de- 
notes a scale factor. The light from a distant galaxy is redshifted, 
a fact which can be interpreted in these models by saying that 
S(t) increases with t. An increase of S(t) with t is loosely 
described as the expansion of the universe. 

These models were successful in accounting for Hubble’s 
law for small redshlfts : 

Z=^D, (4) 

where Z is the redshift from a galaxy at distance D and H is 
Hubble’s constant. The value of H could not be determined by 
^Einstein’s equations. It could, however, be related to the mean 
density of matter in the universe. 

These models suffered from one drawback. They had a 
singular state at S = 0. Since this corresponds to a singularity 
of space time, all physical processes, as we know them, break 
(down at this instant. Some interpret this moment as the moment 
of creation. According to them physics operates only from 
b > 0. Others assume that a way of avoiding this state would 
eventually be found — perhaps through a modification of physical 
laws at very high densities. Neither point of view can be re- 
garded as satisfactory. 

From the Distant to the Local 

We now return to the second point of view mentioned in 
the introduction. To an experimental physicist working within 
the confines of his laboratory the idea that his experiments are 
influenced by the behaviour of the universe may seem ludicrous 
indeed. Below we shall consider certain developments in physics 
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which tend to suggest that the role of the universe in the be- 
haviour of local phenomena may be non-trivial. Two of these 
developments came well before cosmology was established as 
a science. 

(i) The Olbers Paradox — Why is the sky dark at night ? 
This question was raised by Olbers in 1826. According to Olbers' 
calculations it appeared that the sky brightness should be enor- 
mously high — so high in fact that whether we were facing the 
Sun or not made no difference. This can be seen from the fol- 
lowing simple argument. 

In a static Euclidean universe with a uniform density n of 
bright objects, each of luminosity L, the flux of light received 
from objects located between distances R and R + dR is, 

47t R 2 dR. n. - k- = n LdR. (5) 

47tR 2 

Thus the total flux from all bright objects in the universe would 
be infinite! A more careful calculation taking into account the 
finite size of each object gives a finite result. The sky brightness 
is then the same as that on the surface of each object. If a typi- 
cal bright object is like the Sun, the sky brightness would cor- 
respond to a temperature of ^ 6000° K! 

This paradox — known as the Olbers paradox — was in fact 
raised long before Olbers by Halley (1720) . A satisfactory reso- 
lution of the paradox had to wait until the concept of the ex- 
panding universe. In the models described in the last section, 
the flux received from an object of distance R = rS(t) is not 
L/4 R 2 but, 

L _ „ 

47vR 2 (1+z) 2 

Thus the redshift factor in the denominator cuts down the ra- 
diation from distant objects faster than the inverse square law, 
and is responsible for convergence. The sky brightness contri- 
buted by the universe then turns out to be very small and con- 
sistent with the observations. 

The Olbers paradox clearly demonstrates how our local en- 
vironment can be controlled by the universe. 

(ii) Mach’s principle — In the last century Mach put for- 
ward the controversial idea that inertia is not the intrinsic pro- 



perty of matter, but is the effect of the background provided by 
the distant matter in the universe. 

; Mach was led to this concept through his criticism of New- 
ton s laws of motion. Newton’s second law of motion provides 
a quantitative expression for the inertia of matter — a concept 
which dates back to Galileo. This law is written in the form 

P = mf ( 7) 

and states that the force P acting on a material body of mass m 
produces the acceleration j. The mass m measures the inertia 
of the body. The more ‘inert’ the body the greater is the force 
needed to provide a given acceleration. 

In formulating the laws of motion Newton encountered the 
difficulty of a reference frame. Suppose (7) is true when the 
motion is measured relative to a reference frame S„. Then rela- 
tive to a reference frame S x which has an acceleration a with 
reference to S 0 , the law would become 

P - ma = mft (8) 

where ft is the acceleration measured relative to Si. Thus extra 
terms appear in the law of motion, suggesting that S 0 has some 
special status. Newton postulated that such a special reference 
frame does indeed exist and called it the absolute space. All 
frames with a = 0, in uniform relative motion with respect to 
S 0 are called inertial frames. The frames like S 1( with a * 0 are 
called non-inertial frames. These can always be detected through 
the presence of the extra term - ma in the law of motion. This 
extra force being dependent on the inertia of the body, is called 
the inertial force. Newton describes the well known ‘bucket ex- 
periment’ in this connection. 

Although S 0 was so postulated the mystery remained as to 
why such a special frame should exist at all. The mystery was 
heightened by another astronomical observation — that of 
measurement of Earth’s rotation. This can be measured relative 
to S 0 by the Foucault pendulum. The value is the same as that 
measured relative to the background of the distant objects in 
the universe! 

Mach argued that this observation has deep significance. It 
tells us that S G is determined by the background of the distant 
objects in the universe. Since S G is essential for the quantitative 
description of inertia through (7) , Mach concluded that the con- 
cept of inertia is somehow connected with the background. If 


there were no background there would be no inertia. 

These ideas are designated by the name ‘Mach’s principle’. 
It is not our intention to go any deeper into this principle at 
present. Rather we would like to emphasize the difference bet- 
ween the Machian point of view and that discussed in the pre- 
vious section. The concept of inertia and inertial frames plays 
a vital role in most laboratory experiments. In stating that these 
are determined by the behaviour of the universe at large dist- 
ances Mach destroyed the purely local character of the labora- 
tory. Because of this revolutionary outlook Mach’s principle has 
remained a matter of controversy. 

Although Mach’s principle is about inertia, the concept that 
the universe interferes in local affairs is capable of generaliza- 
tion. Below we discuss a striking example of this concept in 
another branch of physics — the electromagnetic theory. 

(iii) The absorber theory of radiation — There are two 
ways of describing the electromagnetic interaction beween char- 
ged particles. In one the electric charges influence one another 
through the medium of the electromagnetic field, the influences 
travelling through the field at the speed of light. In the other, 
the charges interact directly with each other. 

Although the concept of direct interaction between parti- 
cles is historically the older of the two, it is not very popular. 
When first formulated, the concept was that of instantaneous 
interaction. This was contrary to the requirement of special re- 
lativity and led to conflict with experiments. It was subsequently 
reformulated to make interactions travel with the speed of light. 
Although this met the requirement of relativistic invariance, a 
new type of difficulty arose. The new formulation was time 
symmetric, and was in conflict with causality. Thus when we 
disturb a charge a we expect the field generated by a to travel 
into the future, i.e. to be described by the ‘retarded’ solution 

F £“’• This formulation, however, gives the field generated 
by a as 

i F ra> + i F (a) ■ ( 9 ) 

- ret 2 adv 

The presence of ‘advanced’ solutions appears to violate causality, 
although it is consistent with, and indeed required by Newton’s 
third law of motion. 
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Advanced and retarded solutions also exist in field theory 
but the former can always be got rid of by a special choice of 
solutions. This choice is not available to the direct-particle-inter- 
action theory. 

This presented a stumbling block to any further develop- 
ment of the theory of direct interparticle action, until a break- 
through was achieved by Wheeler and Feynman (1945, 1949). 
They pointed out that although advanced interactions are present 
between particle pairs, they can be cancelled out altogether under 
certain circumstances. These are when the universe as a whole 
acts as a ‘perfect absorber’, i.e. it absorbs all electromagnetic 
disturbances generated by individual particles. In such a case 
the field* acting on particle a is given by 

a 5 — ( F rb) + F rb) ^ = , ^ F rb; + — rF fa) F faJ l nm 

b ^ a 2 V adv ret ) b ft a ret + 2 [/ret advj* ^ 10 ' 

The right hand side shows that all particles b # a act on a 
only through their retarded fields. The only advanced effect to 
survive is that in the second term. This denotes the radiative 
reaction on the particle. Although it appears to arise from the 
motion of a directly, it is in fact the outcome of the complete 
absorption by the universe. In the field theory the radiative 
damping is ascribed to self-action; in the present theory it is the 
response of the universe to the particle motion. 

Wheeler and Feynman were able to show that the static 
Euclidean universe is a perfect absorber. Thus (10) would hold 
and no conflict with causality would be encountered. However, 
the universe is time-symmetric and the entire argument can be 
reversed to show that purely advanced fields also offer a self- 
consistent picture! In fact it is meaningless to distinguish bet- 
ween the two pictures in the absence of an independent arrow 
of time. Wheeler and Feynman recognised this and sought to 
relate the electrodynamic time-asymmetry to the thermody- 
namic arrow of time. 

It was subsequently pointed out by Hogarth (1962) that the 
appeal to thermodynamics is unnecessary if one takes into ac- 
count the expansion of the universe. An expanding universe is 
time-asymmetric and this removes the time-symmetry of the 
whole argument! Hogarth and later Hoyle and Narlikar (1963) 
Were able to show that this is indeed the case for the well known 

* The word ‘field’ in this theory means the ‘direct particle field’, i.e. the 
field generated by specified particles. 


cosmological models. Thus the steady state model gives retarded 
solutions, but not advanced solutions, in a consistent way. The 
ever expanding Friedmann models give exactly the opposite re- 
sult. This is because in the former the continuous creation of 
matter ensures that there is enough absorbing matter present 
along the future light cone. In the Friedmann models the matter 
idensity steadily decreases as the universe expands. 

If we adopt the direct particle theory as a correct descrin- 
tion of electromagnetism we have the following advantages. 
First, we are able to understand why retarded — not advanced — 
solutions operate in the laboratory. This is not a matter of choice 
(as in the field theory) but a requirement imposed by the uni- 
verse. Thus, provided we live in the right type of universe, we 
can establish a direct connection between the electrodynamic 
and cosmological arrows of time. Second, this theory is free 
from the concept of self action and the associated infinities that 
beset the classical field theory. 

There has so far been one respect, however, in which field 
theory could claim superiority. This was in relation to quantum 
theory. Field theory has been quantized and the resulting sub- 
ject of quantum electrodynamics can claim several successes. 
Until recently there was no quantum electrodynamics of direct 
interparticle action. Recent work (Hoyle and Narlikar 1968) has 
shown, however, that the field theory can no longer claim this 
superiority. We conclude this section with a brief description of 
this work. 

(iv) Quantum electrodynamics — A survey of problems in 
quantum electrodynamics shows that there are two types of 
problems in which the theory of direct interparticle action is 
likely to run into difficulties. These are problems of the vacuum 
and the problems associated with self action. 

The former type of problems arise in quantization of elec- 
tromagnetic fields. In the usual theory the fields are independent 
entities, and can be quantized. In this case the state of vacuum — 
i.e. with no fields present — has non-trivial properties. These 
properties play an important part in explaining diverse pheno- 
mena such as the spontaneous transitions of atoms, line widths 
resonance fluorescence, etc. In the direct particle theories fields 
have no independent existnce and therefore we cannot follow 
.he same procedure. How then do we explain the above pheno r 
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The problems connected with self action lead to difficulties 
in classical field theory. These difficulties are present also in the 
quantum field theory. However, ingenious renormalization pro- 
cedures are devised to extract finite answers from apparently 
divergent expressions. That these finite answers are in excellent 
agreement with experiments (e.g. in the case of the Lamb shift 
in a hydrogen atom) is claimed to justify the somewhat non- 
rigorous nature of the renormalization programme. It is also re- 
garded as an evidence of the action of an electric charge on 
itself. Can such experiments be explained in the direct particle 
theory which denies self action? 

It is not possible to go into the details of the recent work 
which shows how these difficulties can be surmounted. The clue 
lies in the second term of the right hand side of (10) which de- 
notes the response of the universe. A similar ‘response’ term 
exists in the quantum calculations and is able to account for the 
various phenomena described above. For this it is essential that 
the universe acts as a perfect absorber along the future light 
cone. 

Conclusion 

Having considered the two points of view in the two pre- 
vious sections it seems that both are essential for the progress 
of physics. There is no doubt that astronomy has gained a lot 
from laboratory physics. The use of astronomy, on the other 
hand, provides laboratory physics with a valuable extension of 
its horizons. The laws tested in the confines of man-made walls 
can be tested in vastly different surroundings. At the same time 
it appears wrong to ignore the influence of the universe on local 
environment altogether — as shown by the Olbers paradox. To 
what extent the universe influences the local conditions is a 
matter of controversy at present. If the global outlook proves 
to be successful in our understanding of the laws of Nature — 
as seems in the case of electrodynamics — the theoretical phy- 
sicist may well have to widen his outlook considerably. 
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Space, Time, 
Mass and Motion 


1. Preamble : It has been maintained by Bertrand Russell 1 
among others that the language of daily life, with words used 
in their ordinary meanings, is inadequate for philosophy and 
surely therefore for physics. A technical language like symbolic 
logic is considered necessary to make inquiry worthwhile. But 
any technical language must ultimately rest on definitions of 
at least some terms. Here we reach another stone wall. As 
Russell 2 himself told us, years ago, since all terms are defined 
by means of other terms human knowledge must be content to 
accept some terms as intelligible, without definitions. This state- 
of knowledge should have a petrifying effect on thought, since 
the foundation of it all is supposed to rest on faith in the mean- 
ing of a few terms; nor can we be sure in advance whether the 
rules for manipulatioh of accepted terms are valid. Moreover, 
any symbolic language in use today can satisfy human desire 
for communication only to a limited extent. It is not yet deve- 
loped enough even to handle mathematics. No doubt, a re-forma- 
tion of the languages and the alphabets is an urgent requirement. 
But the new languages will have to fulfil not only the exact 
needs of science but also the exotic requirements of other cul- 
tures and variegated human sensibilities. The only way out for 
tae at present appears to be a return to the language of common 
usage. This essay, then, is by no means a deductive piece of 
work. It will use the common language of physics and proceed 
in a rather discursive and historical manner. 


2. Basic Categories of Physics : The main element in human 

experience is change and no change seems possible without 
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motion. Russel 3 considers that the concept of motion is 
logically subsequent to that of occupying a place at a 
time, and also that of change. But according to the present 
physical ideas it is impossible to envisage change with- 
out some accompanying and simultaneous change in the 
motions or propagation of some elements of the changing entity. 
Thus a hot piece of iron changes “colours” as its thermal ihotions 
diminish. 

Motion itself involves the notion of matter or mass (and by 
abstraction also of an accompanying field) which moves, and of 
location in space and of the passage of time. These three — 
imass, space and time — are the basic categories of physics 
/which cannot be reduced to more primitive ideas. (We leave 
electricity and magnetism out of account here. The word field 
refers to a gravitational field.) Other entities in physics can be 
derived by mathematical manipulation of these three. What 
limits the creation of these other entities? And, one may also 
ask the naive question : do these derived entities “really exist”? 

The history of physics shows that creation of new entities is 
a continuous process. Velocity, acceleration, momentum, energy, 
event, space-time interval, action, spin, parity, strangeness, etc., 
were posited to give explanations of observations and to formu- 
late laws, which could be simply expressed in terms of these 
entities. These explanations often take the shape of a principle 
of conservation or invariance of some physical quantity. Thus 
the relative velocity of a mass is conserved unless a force is 
operating on the mass. The angular and linear momenta are like- 
wise separately conserved. The space-time interval between two 
events is an invariant for all inertial observers. An impression 
is then soon created that these physical quantities “really exist”. 
But we have no direct perception of even linear velocity al- 
though the eye can quantitatively perceive angular velocity. A 
mass can be localized, for instance, in the palm of the hand but 
it is not at all easy to say where energy is located. A lot of 
trouble could be saved if we abjured the desire to localize physi- 
cal quantities or to reify them as Bridgman 4 put it. We should 
learn to recognize them rather abstractly by their correspond- 
ence to some observations or calculations. This attitude is neces- 
sary even in the case of the three basic entities of physics 

mass, length and time — which according to the theory of rela- 
tivity are not invariant but seem to change with the state of 
motion of the observer. A mass in motion is observed to be more. 
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If we then regard mass as quantity of matter, this would mean 
that motion creates matter. This sounds absurd. 


3. Definition of Motion : Our previous observations make it 
necessary to introduce the concept of a frame of reference in 
which physical quantities are measured. The measures in dif- 
ferent frames of reference may be different. Relative to a frame 
of reference, the state of a mass or a particle may be given in 
terms of what Feynman 5 calls, where and when, or location and 
time. Motion then depends on the relationship between location 
(x) and time (t) of the type x = f(t), relative to a given 
frame of reference. The quantities x and t can be understood in 


terms of crude perception but the notion of velocity 



acceleration 



was assimilated over the centuries only with 


difficulty. The Greek Parmenides thought that change or move- 
ment could not be understood rationally. He argued that either 
a thing cannot change or the change is only apparent, because if 
a thing changes, then it is no longer the same thing and if it 
does not, change is only apparent. His pupil Zeno similarly argu- 
ed that an arrow in flight is at any moment equal to itself, in a 
definite position, and therefore at rest; hence the flying arrow 
is at rest wherever it is throughout its flight. The possibility that 
an arrow can have a definite position at a given moment, i.e., 

dx 

have a given x at a given t, and yet have velocity or — differ- 


ent from zero, is obviously not admitted by Zeno. Many of us will 
find on reflection that as students we too had some difficulty in 

dx 

grasping the notion of a differential coefficient — at a point 

dt 


(t, x). 


Aristotle 6 thought that the natural motion of heavenly bodies 
was circular but of earthly objects rectilinear. He also believed 
that heavier bodies fall faster towards the earth. Even Galileo 7 
thought that a heavenly body would forever move in a circular 
path. However, Galileo was one of the first to question Aristotle 
and to proclaim that a cannon ball or a musket ball both fall 
towards the earth with the same acceleration, and after some 
early errors finally gave the correct equation of motion of a 
falling body in the well-known form, x = i gt 5 . 


4. Space, Time and Matter : Buried deep in the heart of 
physics are the notions of space, time and matter, but we seem 
to be as far from understanding the nature of these as the an- 
cients were. Thus we do not seem to be much farther than 
Locke who defined matter as “a something I know not 
what”. 

The ancient Indian sages had also speculated on these sub- 
jects and it is refreshing to see how “modern” some of their 
ideas were. According to the Jaina philosophy 8 , time which is 
formless is incapable of motion; that is to say, it cannot be ma- 
nipulated : the function of time is to explain existence in the 
present, change, motion and duration. The theory of relativity, 
however, shows that time can be manipulated : for example, a 
clock or a biological process is slowed down when placed in a 
gravitational field. But there still remains the possibility that 
this is a local effect and that there exists a cosmic imperturbable 
time, which some current theories of cosmology postulate. The 
Nyaya school 9 recognizes the difficulty of the notion of “time pre- 
sent” which is regarded as a section separating the past and the 
future; it is not possible to separate the past from the future 
without the third notion of the present. This is reminiscent of 1 
Dedekind’s definition of a real number as a section or a cut. Ac- 
cording to the Vaisesika 10 , the name time is applicable to a 
cause. Kant also regarded time as the main element in causation. 
Similarly, the Vaisesika 11 says that space is the cause of the 
notions of east, west, etc., for one material object considered 
with reference to another material object (relativity of space). 
Aktisa (ether or field) , time, space, atoms, self and mind are 
regarded as eternal substrata without lower species 12 . 

Those who consider these reflections of the Indians as trite 
may contemplate some more modern definitions like, “A dura- 
tion is a temporal slab of nature” by Whitehead 13 , or “Time is 
what happens when nothing else happens” attempted by Feyn- 
man 14 . According to Bridgman' s , the concept of time is deter- 
mined by the operations by which it is measured. But the ope- 
rations for measuring time may be altogether different; say a 
pendulum or light rays reflected between two mirrors may be 
used to record time, and yet these measurements may be con- 
cordant for a reason unknown. The notion of time is obviously 
more basic than the operations used in its measurement. 
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5. Newton’s Predecessors and Contemporaries : It took a long 
time before speculations on the nature of space, time and 
matter, advanced understanding of motion and dynamics. Galileo 
(1564-1642) was the first to introduce the notion of acceleration 
and experimentally demonstrated the principle of inertia, viz., 
that the velocity of a body is not changed until it is acted upon 
by forces. As we saw earlier, the idea of even velocity was logi- 
cally a puzzle to the Greeks. It is strange that although Galileo 
was in correspondence with Kepler (1571-1630), the former did 
not apparently know Kepler’s laws of planetary motion 16 . It is 
fascinating to speculate upon the consequences which would have 
resulted if Galileo and Kepler had worked together, as they ac- 
tually did in the mind of Newton (1642-1727). Kepler’s laws for 
the motions of the planets about the sun are not true dynamical 
laws but “phenomenological” laws to the effect that, (i) the or- 
bits are elliptical, (ii) the radius vector describes equal areas in 
equal times, and (iii) the period of revolution depends on the 
mean distance. The laws generalize the motions of planets but 
not of all bodies, as Newton’s laws of motion and gravitation do. 
Descartes 17 (1596-1650) recognized that velocitv is an “intensive” 
but not an “extensive” or “geometrical” entity and that location 
and motion are always onlv relative measures. Descartes was 
also the first to formulate the law of inertia, the first law of 
motion 18 . Huygens (1629-1695) lectured at the Royal Society in 
London on the impact of elastic bodies as an excellent demonst- 
ration of the principle of conservation of momentum. He 1 ’ enun- 
ciated the theorem regarding centripetal force required for main- 
taining circular motion and seems to have believed firmly in 
the relativity of all motion. 20 Leibnitz 21 (1646-1716). however, 
thought that the law of conservation of energy is fundamental 
and not of momentum as Descartes assumed. With the discovery 
that mass and energy are convertible, Descartes has proved to 
e more right although not long ago a contrary opinion was ex- 
pressed by Cajori 22 who was inclined to support those who 
considered kinetic energy as the more “objective reality”. In 
fact according to the special theory of relativity, it is the com- 
bined energy-momentum tensor which is invariant for all 
inertial systems. Leibnitz 2 * stated the principle of relativity of 
space, time and motion at length and clearly, but with some 
occasional uncertainty. 
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6. Newton and his Laws : The estimates of Newton’s contri- 
bution have varied. He was the first scientist ever to be knight- 
ed in England. However, Coleridge 24 in a letter to Poole wrote 
that he believed that the souls of five hundred Newtons would 
go to the making up of a Shakespeare or a Milton. But it is well- 
known, Coleridge regarded science to be an antithesis to poetry. 
It might also be said in extenuation that the full discovery of 
the scientist’s soul is of recent occurrence! 

It is true that what Newton said on motion and gravity was 
mostly in the air during his time. While Mach thought that the 
statement of the third law was the most important achievement 
of Newton in so far as the laws of motion go, Jammer 25 has 
pointed out that Kepler had already a clear conception of the 
reciprocity of forces. Newton himself credited Galileo and Huy- 
gens for the first two laws. But, to use a phrase from modern 
communication theory, the ratio of signal to noise reaching 
Newton, was so low that the process of rejection of ideas could 
not have been a simple one. One might almost say that Newton 
was already “tuned” to the laws of motion. 

The point we want to examine in this essay is whether the 
three laws are really independent or they can be stated as a 
single law. In particular we shall consider the possibility that 
the third law contains the first and the second implicitly. Trans- 
lated into English 26 the laws are : 


I. Every body continues in its state of rest, or of uniform 
motion in a right line unless it is compelled to change 
the state by force impressed upon it. 


The change of motion is proportional to the motive force 
impressed, and is made in the direction of the right line 
in which that force is impressed. 


Til. To every action there is always opposed an equal reac- 
tion, or the mutual action of two bodies upon each other 
are always equal and directed to contrary parts. 


These laws hold good in an inertial frame of reference We 
discuss this point further later. 

^ ere are three leading ideas : there is no change in motion 
without force, change of motion or acceleration is due to force, 
and action and reaction are equal and opposed. The words “im- 
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pressed force”, “motive force” and “action” apparently mean 
the same physical entity. 

Although the second part of the third law seems to suggest 
that the case when there is no relative motion between two 
bodies, is under consideration, Newton makes it clear in the 
sequel that he means the more general dynamic case. He quotes 
the instance of a horse drawing a stone tied to a rope 27 . The third 
law for a static situation is a trifling tautology. But for a dyna- 
mic situation it immediately leads to the question : if action and 
reaction are equal and opposed, how does any change of motion 
take place? Why does the stone move at all? This question 
troubles almost every student. Clearly we need a further ana- 
lysis of the term reaction. The reaction must include the mutual 
actions of bodies in contact as well as the inertial reaction. In 
the case of the stone drawn by a horse, the action on the stone 
consists of the pull or force transmitted through the rope and 
the gravitational force on the stone (its weight). The reaction 
as ordinarily understood comprises the upward reactive force 
and the tangential frictional force at the surface of contact. 
But action and reaction so defined do not balance, i.e. the two 
are not equal and opposed, if the stone is accelerated. We must 
include the inertial reactions as well so that, on the whole, there 
exists a reaction equal and opposed to the action. These ideas 
have a pedagogic, heuristic as well as logical significance and 
are in a sense a statement of what is known as d’Alembert’s 
principle 28 ’ 29 . 

It might be said that to put down the expression for the 
• . / d 2 x \ 

inertial force , we require the statement of the second 

law. The situation is as follows. The second law does not talk 
of inertial forces at all, > but of impressed forces causing accelera- 
tion. The concept of the inertial force, which is reactive, arises 
out of the third law. This is made clear by Definitions III and IV 
preceding the enunciation of the laws in which Newton defines 
and, explains “vis insita” or “innate force of matter” or the iner- 
tial force 30 . The reactive force comes into play when there is 
change of motion and is proportional to it. The negative sign of 
the expression for the inertial force should be noted. 

The postulational scheme may then be delineated as follows. 


We are given the notions of : motion 


(l7^ ° hanSe 


of motion 
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( d 2 x\ 

; impressed force or action (no matter what 

the origin of the forces, i.e. whether mechanical, gravitational, 
electric or magnetic) ; inertial force as a reaction to change of 

-m — ) ; and passive reaction at the surfaces of con- 
dt 2 1 

tact when more bodies than one are involved. We then postulate 
the single law : Action and reaction are equal and opposed. We 
saw this law applied to the general case of a body subjected to 
impressed forces, reactive forces and acceleration. There may 
be no acceleration, and the impressed forces and the passive 
reactions may just balance, this is a special (static) case of the 
third law. Applied to, say, a single body subject to an impressed 
force, the law says that this force is equal and opposed to the 
/ d 2 x\ 

inertial reaction I -m ] ; this is a statement equivalent to the 

V dt 2 / 

second law. When there is no impressed force and the inertial 
and reactive forces are also zero, there is no change in motion; 
this is the usual statement of the first law. The third law is the 


most general statement and includes the second law as a spe- 
cial case corresponding to the situation when a body is sub- 
jected to impressed forces and the only reactive force is inertial. 
The third law also includes the first law which corresponds to 
the idealized limiting case when there is no impressed force, re- 
active force or change of motion. 

The concept of force is at the heart of the laws of motion 
and after stating the laws of motion, Newton therefore turned 
to the laws of forces determining motions of bodies on the earth 
and of planets in the solar system. Kepler had speculated on 
the nature of these forces, expounded that ‘the mutual affection' 
of bodies is due to gravity which he compared to magnetism, 
and asserted that any two masses will unite due to attraction, in 
the process travelling distances in the inverse ratio of their 
masses 31 . Newton’s contemporary Halley applying Kepler’s third 
law, discovered the law that the attraction between the planets 
varies inversely as the square of the distance between them. 
Indeed, Ismael Bullialdus 32 had held much earlier (1645) that 
the mutual attraction of the planets was according to the inverse 
square law. It is also likely that Newton was aware of Bullial- 
dus’s work 33 . However, it was Newton who worked out the locus 
of a planet under an inverse square law of attraction. Moreover 
he put the law to a test in the motion of the moon and pertur- 
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bations to planetary motions. He established that on account of 
perturbations from various other planets, the orbit of any planet 
is not an exact ellipse as Kepler believed. He was thus the first 
to interrogate nature — to use Whittaker’s phrase — on the 
subject of gravity. Newton was also the first to show that a 
spherical mass with homogeneous concentric layers could be con- 
sidered as concentrated at a point in so far as the gravitational 
effects of it were concerned. This is believed to have delayed 
publication of Newton’s idea by twenty years but was the most 
important step in calculation and verification of the effects of 
gravitation. 

The celestial, lunary and terrestrial phenomena were thus 
all yoked together in one doctrine. Newton then struck out in 
all directions. He calculated the masses of the Sun and of the 
planets which have satellites, worked out the flattening at the 
poles of the earth and the consequent precessional motion of 
the earth’s axis (in the case of a spheroid the gravitational pull 
does not act as if the mass was concentrated at the centre) , dis- 
cussed consequent variations in the gravitational field on the 
surface of the earth, worked out the irregularities in the motion 
of the moon, and laid the basis for a theory of tides. Newton’s 
Principia written in the style of Euclid’s Elements was thus one 
grand theme. 

Bochner 34 has made an interesting analysis to show that it 
took more than 100 years to carry forward many leading ideas 
from the stage at which Newton left them. 

How does the force of gravitation act? It has been said 
that Newton postulated gravitational action at a distance. As 
Cajori 35 has pointed out, this is not correct. I have never quite 
.understood much that has been written on action-at-a-distance. 
The gravity field coexists with the masses (and its equivalent, 
energy). The question of propagation of the field arises when 
the masses are in motion and this problem is not yet fully un- 
derstood 36 . It does not even seem necessary that the masses be 
accelerated for the gravitational field to be disturbed; uniform 

haotion should also result in gravitational propagation of some 
kind. 

There are difficulties too with similar ideas connected with 
Newtonian motion. How does transfer of momentum take place 
ito conserve the total momentum from instant to instant as ob- 
served in a given system of reference? When a boy spins a top, 
the angular momentum of the earth changes. Likewise when a 


soldier fires a gun, the linear momentum of the earth changes. 
Apparently there is continuous transfer of momentum between 
the masses of the solar system; indeed the masses of the whole 
juniverse seem to be involved in the change of momentum of 
any single body, no matter how small. Can momentum propa- 
gate in space as a momentum field? This question drives one to 
question the very concept of mass as something confined to 
here-and-now. In these connections one may recall a penetrating 
remark of Thomas Carlyle, “You say that a body cannot act 
where it is not. With all my heart; but, pray, where is it?” As 
Mach put it, it seems impossible to disregard the rest of the 
universe, even when dealing with the mutual action of just two 
particles 37 . 

Notwithstanding these obstinate difficulties Newtonian 
dynamics proceeded from one glory to another in the hands of 
Euler, Lagrange, Laplace, Poincare and others. So sure was 
Laplace of the awesome accuracy of Newtonian mechanics that 
when questioned by Napoleon as to why he did not mention 
the Creator even once in his Celestial Mechanics, Laplace re- 
plied that he did not need this “hypothesis”. In the recent 
orbiting of the moon by the Russians and Americans, all calcu- 
lations were based strictly on Newton’s laws of motion and 
gravity. 

There have been criticisms recently of Newton the man — 
even of Galileo. Aldous Huxley thought that Newton was a 
failure as a man, although he was superb as a monster (that is 
intellectually!) Rummaging in forgotten papers of Newton, 
prying J. M. Keynes 38 found Newton so much preoccupied with 
alchemy that he thought Newton was not the first of the age of 
reason but the last of magicians. It is now established that the 
findings of the Royal Society pronouncing priority of Newton 
over Leibnitz in the discovery of calculus, were sedulously draft- 
ed by Newton himself 39 . It has been said that Galileo showed 
lack of courage when he abjured before the Inquisition for his 
belief that the earth has a diurnal motion of rotation. But scien- 
tists are neither saints nor martyrs by profession, and in every 
age they have carried their share of the contemporary load of 
subjugation and superstition. 


7. Between Newton and Einstein : What is the main objective 
element in discovery or in the advancement of science? As E. A. 
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Milne put it, this is undoubtedly “logical pressure”. Polanyi’s 
“passionate element” is perhaps the most potent subjective ele- 
ment. Notwithstanding the fantastic success of Newton’s laws of 
motion and gravity, some minor deviations, particularly the se- 
cular advance of the perihelion of Mercury, came to notice in 
the second half of the 19th century. Poincare 40 tried to explain 
this op the basis of the special theory of relativity but he could 
thus account only for a fraction of the advance deduced from 
observation and theory. During this period the basic concepts 
of these laws also became the subject of detailed analysis. These 
“logical pressures” continue to operate and it is instructive to 
see how far they have carried physics towards a better under- 
standing of motion and gravity. 

As we stated earlier, the laws of motion hold for inertial 
systems (IS) of reference. IS are usually defined as reference 
systems of space and time coordinates in which force-free masses 
are observed not to be accelerated. As Einstein 41 pointed out, 
this approach implies circularity. “A mass moves without accele- 
ration if it is sufficiently far removed from other bodies; we 
know that it is sufficiently far removed from other bodies only 
by the fact that it moves without acceleration”. It appears that 

IS can consistently be defined as “ systems of reference 

which are in rectilinear and uniform motion relative to the 
aggregate of fixed stars” 12 . Clemence 43 has shown that IS can be 
tied to the system of the fixed stars (external galaxies) . Accord- 
ing to Russell 44 reference to the fixed stars savours of astrology, 
but this cannot now be helped. IS in uniform rectilinear motion 
relative to the fixed stars may be equivalent from the point of 
view of the laws of motion but are they also equivalent for the 
(description of other laws of physics? This is the subject of the 
special theory of relativity; so also is the physical nature of 
space and time a subject of this theory. We shall return to these 
topics in subsequent paragraphs. 

Even before the development of the theory of relativity, the 
notions of mass and force were put to a critical analysis. 
Newton s dynamics already implied that mass as “quantity of 
matter” played two different parts. One of these was the active 
role causing gravitational attraction and force; and the other 
was the passive role of inertia when subjected to force, whether 
of gravitational origin or of any other, say, electrical. Jammer 45 
has further divided the first role into two, that of active gravi- 
tational mass which induces gravitation and secondly that of 


passive gravitational mass which is susceptible and responds to 
gravitation. In other words mj and m/ or m 2 and m 2 ' or F and F' 

in the force equations, p= Gm i m 2 ' and F’= Gm — m2 , could be 

r 2 r 2 

basically different physical entities. However m/ is proportional 
to mi because Newton’s third law holds, i.e. because F = F' for 
all values of the m’s. 

Now, experiments conducted by Newton himself, Bessel, 
Eotvos, Southerns, Zeeman and Dicke have shown that the 
gravitational and inertial masses are proportional (not equal; 
this can never be said, so long as the two are regarded as diffe- 
rent properties of matter), for all substances and situations. The 
general theory of relativity recognizes this equivalence approv- 
ingly, but as far as I know Einstein did not use or explain this 
fact at all. Its value to him was inspirational. Later Jammer 48 
(deduced this equivalence from the general theory under certain 
assumptions. All that this equivalence seems to mean physically 
is that the two properties of inertia and gravitation are linear 
functions of the “quantity of matter” or mass. This should not 
cause too much surprise. So is the energy produced in the trans- 
formation of mass, a linear function of the latter. So is the entity 
with the dimensions of mass appearing in the equation for the 
postulated short-range force, linearly proportional to the quan- 
tity of matter or mass of the particle in question. It is quite 
conceivable that matter has more than one property which de- 
pends on what we denote by the omnibus name “mass”, each 
of which is linearly related to the mass and is therefore, also 
dimensionally identical. One may recall that the term energy 
also, is applied to various seemingly different entities. But let us 
see in some detail what efforts were made to clarify basic 
notions in mechanics even before Einstein. 

Euler defined mass as the ratio of force to acceleration. 
Obviously it was the inertial mass which was thus defined. 

Saint- Venant defined the mass-ratio on the basis of the law of 
elastic collisions. Mach in an approach similar to Euler’s, defined 
mass-ratio of two bodies as the negative inverse ratio of the 
mutually induced accelerations of the two bodies. The force in 
Mach s definition is the mutual gravitational attraction, accele- 
rating the two bodies in opposite directions; hence the negative 
inverse ratio. But it is not possible to have two bodies only in 
isolation under each other’s gravitational attraction. Pendse 47 , 48 
has shown that extension of Mach’s method to a larger number 2 57 
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of bodies leads to difficulties. 

While Mach questioned the notion of mass, Kirchoff, Boltz- 
mann and Hertz raised doubts about the need or legitimacy of 
the concept of force, which Hertz 49 called as a “sleeping partner” 
in the business of mechanics. The three considered only space, 
time and matter (mass) as the basic conceptual elements. Let 
us see why. 

Mass can be seen and localized but where does force reside? 
Is “force” not merely a name given to the cause of change in 
motion and then by extension also to the hypothetical agency 
tending to cause change in motion? Is the concept of force there- 
fore necessary? Hertz and Boltzmann following Kirchoff’s dic- 
tum that physics only describes phenomena but does not un- 
ravel their essence, tried to banish force from physics. In dis- 
cussing the difficulty of the notion of force, Hertz 50 asked how an 
inert stone, swung in a circle with a rope by a boy, can pull the 
boy with a force. The boy applies a muscular force to deflect 
the stone from a straight path into a circular trajectory and 
Newton’s third law demands that the stone exert an equal re- 
active force on the boy. (There are good reasons to 
question the necessity of the concept of force but 
in raising the above doubt Hertz seemed to reject 
the idea of inertial force.) Hertz, therefore, developed a 
mechanics, using the notions of mass and acceleration but not 
of force : the masses move in space and time according to a 
geodetic principle. It is strange that although Hertz adopted a 
geodetic principle himself, he was rather critical of such ideas. 
Discussing Gauss’s principle of least constraint, he 51 said that 

“ we cannot, in using Gauss’s principle, avoid suggesting 

the idea that we are not only stating a fact, but also the cause 
of this fact. We cannot assert that nature always keeps a cer- 
tain quantity, which we call constraint, as small as possible, 
without suggesting that this quantity signifies something which 
is for nature itself a constraint — an uncomfortable feeling. We 
cannot assert that nature acts like a judicious calculator 

reducing his observations There is undoubtedly a special 

charm in such suggestions Still it must be confessed that 

the charm is that of mystery ” 

Hertz like Newton stands out as a great mathematical, as 
well as an experimental physicist; Braithwaite 52 has remarked 
that Hertz was also the most philosophically profound of the 
nineteenth century physicists. But his system of mechanics al- 


though logically elegant, is difficult to work with and rather 
barren. As Boltzmann 53 pointed out, even the simple phenomenon 
of collision of two elastid bodies cannot be worked out in Hertz’s 
mechanics without making some arbitary assumptions. Hertz’s 
system remains a grand physical and logical curiosity. 


8. The Reign of Relativity : So great were Newton’s discoveries 
that the poet Pope was inspired to compose the now famous 
epitaph : 


Nature and Nature’s laws lay hid in night : 
God said, ‘Let Newton be! ’ and all was light. 


Wordsworth expressed himself similarly; Newton’s statue 
inspired him to say that it was a marble index of a mind for 
ever. Lagrange thought that Newton was the greatest genius 
that ever lived. But everything is subject to the law of change 
and mutability — even Newton’s laws. Nature will never reveal 
fully what Shakespeare called its infinite book of secrecy. 

Newton’s laws did not last, but so great is the reputation of 
relativity (which replaced Newton’s laws) for its obscurity that 
Sir John Squire in answer to Pope’s epitaph said : 

But not for long : the Devil howling “Ho! 

Let Einstein be!” restored the status quo. 


And to this doctrine of relativity we now turn. The phrase 
‘‘The principle of relativity” has taken a metaphysical aura. It 
would be much preferable to call it by a slightly longer name, 
“the principle of relative motion”. 54 Now, Descartes and New- 


of relativity of (uniform) motion. If a body continued in its 
state of motion (whatever this might be) unless acted upon by 
a force, it would appear that all bodies in any state of uniform 
motion were in a sense equivalent. One might expect (although 
this does not rigorously follow theoretically) that the laws of 
mechanics for bodies in such an acceleration-free state, would 
be the same; experiments carried out on such bodies (say a train 
in uniform motion) could not tell what their state of motion 
was , experiments could only find motion of one body relative 
to another therefore, there was no absolute standard of rest 
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with reference to which velocity need be assigned. And various 
mechanical experiments fulfilled these expectations. 

However, developments in electromagnetism and optics 
seemed to indicate the possibility of measuring the absolute mo- 
tion of a body like the earth in space. With the accumulation of 
experimental evidence for the wave nature of light and of elec- 
tromagnetic radiation the physicist found it necessary to postu- 
late an ether as the carrier of electromagnetic waves. It was 
then not possible to understand how waves could be propagated 
Without a medium to carry the waves. It therefore appeared 
that all material bodies were in motion relative to this omni- 
present medium or ether. A number of optical and electromag- 
netic experiments were then devised to measure the motion of 
bodies relative to this ether, but without success. The null result 
of Michelson-Morley experiment in these connections caused 
a lot of concern to the physicists. This was the state of affairs 
when Poincare, soaked in the available experimental data, turn- 
ed his attention to this problem. As early as 1895 while discuss- 
ing the experiment of Michelson, and other observational data, 
he 55 came to the conclusion that it is impossible to render mani- 
fest the absolute motion of matter and that it is possible to 
measure only the velocity of one body relative to another. In 
1900, he 56 christened this idea as, “The principle of relative 
motion,” However, following Lorentz, he then used an incom- 
plete equation for the transformation of coordinates when 
passing from one system (x, t) , to another system (x', t') having 
relative velocity v, viz. t’ = (t-vx/c 2 ) instead of t’ = 3 (t-vx/c 2 ) 
with jB = (l-v 2 /c 2 ) — 2 , where c is the velocity of light. In 1902 
he 57 used the appellations “The law of relativity” and “The 
principle of relativity”, to signify that it is possible to ascertain 
only the relative motions of bodies. He then said that there is 
no absolute time and that we have no intuition of the simulta- 
neity of events occuring at different places. In an address deli- 
vered in U.S.A. in 1904 he 58 clearly enunciated, “The principle 
of relativity, according to which the laws of physical pheno- 
mena should be the same, whether for an observer fixed, or for 
an observer carried along in uniform movement of transla- 
tion ” He also predicted a new mechanics in which the 

velocity of light would be the upper limit of velocities. However, 
these ideas were still only philosophical and speculative. The 
first physically important step was taken by Lorentz in 1904 
in response to Poincare’s 39 remark that Lorentz had been intro- 


ducing new hypothesis to explain each experimental result and 
that this process might be repeated every time a new result 
arrived. Lorentz 60 therefore set out to show that relevant “elec- 
tromagnetic actions are entirely independent of the motion of 

the system The only restriction as regards the velocity will 

be that it will be less than that of light”. Lorentz then posited 
the equations of transformation, later (1905) named after him 
by Poincare, and applied these equations to show that mass 
increases with velocity. This transformation is the heart of the 
theory of special relativity. Poincare 81 immediately saw that 
these equations meant that only relative motion could be ascer- 
tained whether in mechanical or in electromagnetic (and optical) 
experiments conducted on the earth or any other body. He also 
further refined Lorentz’s mathematical analysis and gave the 
famous formula for the composition of two velocities v and w 
as (v -f w) / (1 + vw/c 2 ), instead of the classical (v + w). All 
this happened before Einstein’s paper was published in 1905. It 
also appears that Einstein was aware of his predecessors’ related 
works 62 . 

While Poincare proceeded with the development of the new 
theory of relativity of motion, he did not abjure the notion of 
ether, or of absolute effects in the case of accelerated motion. 
In the case of a body (say the earth) subjected to linear or rota- 
tional acceleration, it is possible to determine the magnitude 
(and direction) of acceleration without reference to any other 
body, i.e. by observations confined to the body itself, e.g. the 
Foucault pendulum in the case of a rotating body, or an accelero- 
meter in the case of a body linearly accelerated. However, he 
never physically defined his ether. The person who unequivocally 
proclaimed the principle of relative motion and derived the 
Lorentz equations (not satisfactorily though ) 63 was Einstein . 64 
pHe 64 also derived the relativistic equation for the Doppler effect. 

The special theory did not merely explain known pheno- 
mena and discrepancies. It did more. In accordance with Popper’s 
idea, the vitality of a new theory depends not only on its con- 
formity with known phenomena and results but also on what 
further this theory predicts. Relativity theory predicted new 
laws of motion in which the mass, space and item measures 
change with the observer. The main basic formulae were : 

x'= p (x-vt);y'=y; z '=z; t'= 0 (t-vx/c 2 ); ( 3 =(l-v 2 /c 2 )“^> 1 . 

Here the coordinates of the two systems S and S' in which ob- 



servations are made are (x, y, z, t) and (x', y', z', t') respectively 
and v ig the velocity of the system S' relative to S in the direc- 
tion of x and x' axes, which without loss of generality, are 
oriented so as to coincide. The mass m at rest in system S is 
measured as m' in system S'. It is important to notice that 
( x > y> z , t) and (x , y , z , t ) are measures within the respective 
systems while m is the measure of the given mass stationary in 
S and m' the corresponding measure in S' in which the mass is 
observed to be in motion. In other words the transformation 
equations show that space and time measures of different 


systems are internally not the same. For example, the time be- 
tween two occurrences (events) will be different in the two 
systems S and S'. The time-interval between two events occur- 
ring on the common x-x axis at a given (fixed) space point 
(x,0,0) of S as measured in S may be (L-ti) which will be re- 


corded as (t^-t'O = [3 (t 2 -vx/ c 2_t 1+ vx/ C 2) = £ (t^t,) 


relation holds good as (t 2 -ti)- 


a • dt i / 
.0,,e.- = l /p . 


I like to make the point that this unexpected result follows 
from the transformation equations but not from the principle of 
relativity as such. The transformation equations themselves were 
(in later publications) derived by Einstein 65 using the postulate 
(known as the second postulate) to the effect that 1 the velocity of 
light is constant in all directions and at all points for all observ- 
ers, and assuming that the relative velocity of S' as measured 
from S, and of S as measured from S' is the same (viz., v). No 
doubt, velocity was assumed to be a “relative” measure but this 
does not imply that all physical quantities are relative. The 
principle of relativity is too extensive a proposition to be incor- 
porated fully in any mathematical analysis, i.e., for it to follow, 
necessarily from any set of equations. In any mathematical ana- 
lysis, i.e., (e.g. derivation of Lorentz transformations) some phe- 
nomena may be assumed as relative but, obviously, the assump- 
tion that all phenomenon are relative cannot be incorporated and 
used in any analysis. Therefore, as Poincare 66 and Lorentz 47 
asserted, whether the principle of relativity holds or not will al- 
ways be decided by experiment and it is not impossible for an 
experiment to contradict it, without contradicting the Lorentz 
transformation or the second postulate. Similarly, Bondi 68 has 

observed that “ special relativity is not something that 

absolutely must be true, it is merely the statement that for a 
large range and variety of experiments the preferred velocity is 


irrelevant.” (Note the words ‘preferred velocity'.) In Einstein’s 
derivation mentioned above only the relativity of velocity is 
assumed. In fact it can be shown 69 that even this assumption is 
■not necessary; the second postulate alone suffices to get the 
Lorentz transformations. It can also be shown, that the relativity 
of uniform motion or velocity is also a consequence of Lorentz 
transformations. The Lorentz transformations show that the 
space and time measures of various inertial systems are different, 
and these differences can be explained only if it is granted that 
the systems at rest relative to the fixed stars stand in a class 
apart (p =1). Of course, the Lorentz transformations imply a 
high degree of relativity for all inertial systems in uniform mo- 
tion relative to the fixed stars ( (3 > 1 but constant for each 
system) . The usual laws of mechanics as well as the constancy of 
Ivelocity of electromagnetic (and optical) propagation obtain in 
such inertial systems. But the internal measures of space and time 
are, generally speaking, different for different systems. By a 
“high degree”, therefore, I mean validity for a large range of 
experiments, but not always, so that the “preferred velocity” in 
relation to the fixed stars may be relevant in some experiments 
and for some laws of physics. 

It turned out that although space and time measures as- 
signed by different observers might be different, the total inter- 
val equal to (x 2 - Xj) 2 + (y 2 2 - yj 2 ) + (z 2 2 - Zj 2 ) - (c 2 t 2 2 - c 2 tj 2 ), is the 
same for all observers. This interval is like a length in a four- 
dimensional space, (x, y, z, y ) where y = ict, as Poincare 70 first 
pointed out in 1906. 

Later (1916) Einstein 71 attempted an extension of the idea 
of relativity to all kinds of motions. In the process he discovered 
a new theory of gravitation. 

The motivations for Einstein’s general theory of relativity 
came from six different ideas : (i) all motion is relative and not 
merely uniform motion; (ii) equivalence of the laws of physics 
between a system held at rest in a gravitational field on the one 
hand and an accelerated system on the other; (iii) equivalence 
bf gravitational and inertial masses; (iv) Mach’s principle, viz. 
the inertia of any mass is due to its interaction with the rest of 
the masses of the universe; (v) non-Euclidean character of space- 
time geometry in general, i.e. in the case of accelerated motion 
or gravitational fields; and (vi) the laws of physics have the same 
form in any system of reference, i.e. the laws of physics have a 
covariant form or they can be expressed by tensor equations. 


The first four ideas had only an inspirational significance and 
do not appear in the development of the theory proper as we 
shall see presently. Long after Einstein propounded his theory, 
it appeared possible to deduce from the theory the equivalence 
of gravitational and inertial masses (as we mentioned earlier) 
and Mach’s principle (in some form) . It appears that even item 
(v) is not essential for the development of the theory because 
one is still free to regard the geometry as Euclidean and to con- 
sider the coefficients of the metric of space-time as physical enti- 
ties characterizing the gravitational field 72 . In fact this as a better 
alternative 73 . Here we have an interesting case where ideas 
inspire the discoverer of a theory but actually play little part in 
the development of the theory. The other ideas are also men- 
tioned in literature which too are not essential for the formula- 
tion of Einstein’s theory. These are : (i) gravitational effects 
observed so far are only attractive, unlike electricity and mag- 
netism and that attraction exists between like entities (“positive” 
masses) ; (ii) gravitational effects cannot be shielded by a mate- 
rial screen quite unlike electric and magnetic effects. 

It is no doubt remarkable that gravitational coupling cannot 
be physically broken but it does not then follow as is usually 
asserted that the geometry of space-time is determined by matter 
at a distance 74 . It is not inconceivable that a physical effect may 
alter the geometry of space-time and yet be such that it can be 
screened. For example, it is to be assumed that the energy asso- 
ciated with an electromagnetic field alters space-time structure 
(energy and mass are equivalent), but electromagnetic effects 
can be shielded. Quite often, in relativity we let the charm of a 
new idea work too much upon us. However, the fact that gravita- 
tion is universal and there is no barrier against it, makes it diffi- 
cult to isolate a system for experimental purposes. An electro- 
magnetic field can be absorbed, augmented or diverted by matter 
and nullified by other charges and poles but a gravitational field 
although caused by matter, seems to be affected by other matter 
only in the sense of superposition. The above statement is true 
of static gravitational fields and possibly also of stationary fields 
but not when the fields are changing. Variations in the field ap- 
parently cause gravitational radiation and this radiation can be 
absorbed by a mass 73 , i.e. it can be screened. 

A brief outline of Einstein’s theory of gravitation is given in 
the sequel in order to see its conceptual and analytical elements. 


The space-time (x , ^'=1,2, 3, 4) is characterized by an invariant 

r 

metric : 

ds2=g ^v( x ) (ftp =1,2,3, i) ... (l) 

This form is a generalization of the metric of special relativity 
for inertial systems in which : 


g 


ftp 


+ 10 0 0 

0-1 0 0 

0 0-1 0 

0 0 0-1 


The co-efficients g all functions of x’s, depend on the masses 

r-v 

present and their motions. It will be seen thatg constitute a 

ftp 

covariant tensor of the second rank. Obviously a knowledge of 
ithe space- time structure (i.e. of g^ y ) must be available in ad- 
vance before the geometry and location of the masses and the 
(details of the motions can be assigned but the space-time struc- 
ture itself is dependent on the masses present. So at the very 
outset we are caught in a circular argument. However, succes- 
sive approximations can be used, and in some cases, such as a 
spherically symmetric distribution of matter, exact solutions 
can be obtained. How do g ftp vary in space-time with the distri- 
bution of matter? The guiding light here is the requirement that 
the equations of the gravitational field outside matter, involving 
g fi v ' should have tensor form or be covariant. It turns out that 

for the problem in hand this is quite a powerful requirement 
leading to the solution looked for. As is well-known if a tensor 
vanishes in any coordinate system, it vanishes in every other 
system. Of course, there is no reason in logic why a law of phy- 
sics should have a tensorial form but the approach is tentative 
and subject to verification by observation. In fact it might be 
mentioned that some of the more important conservation laws 
cannot be put in tensor form, as Bondi 76 has pointed out. The 
only tensors which are functions of g and of derivatives of 

fXp 

s fi p of the second or lower order, happen to be just two in 


number, g itself and a fourth order tensor B e , called the 
r v ftpcr 

Riemann-Christoffel tensor having the following form : 
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where = yg aX + 


If B _ 0, it can be shown that coordinates can be found such 

pvo 

that are constants (i.e. the space-time is then flat, or free 
from gravitational effects in the chosen coordinate system. 77 
Putting e = a in the expression for B e , gives a tensor of 

f*V(T 

the second rank. 

G fi p = ay.ff} - + ~~ {^0,0} - 

v 
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G t°° are wholl y functions of g and of their first and second 
r v 

partial derivatives. 

This part of the analysis is mostly mathematical. The physics 

was brought in as follows : Einstein postulated the law =0 

for space-time outside matter under the sway of a gravitational 

field. G is rather a forbidding entity in the craggy world of 

tensors. Looking at its full expression one might cry out with 
Milton : 

No light, but rather darkness visible. ( Paradise Lost,, I, 63) 

But the genius of Einstein could see that this flummoxing 
expression contains the law of the gravitational field due to 
matter. What Boltzmann said about Maxwell’s equations could 
here be repeated, ‘Who was the God who wrote these lines?” 
Perhaps, in the whole history of science (mathematics excluded) 
there is no other single act of postulation, so far removed from 
the results it predicted. 

This law contained not only the basic conditions necessary 
to determine g^for the gravitational field due to given masses, 
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but it already implied also the equations of motion of a particle 
in the gravitational field, as later investigations showed 78 . The 
equations of motion turned out to be those of a geodesic when 
the mass of the particle is negligible i.e., the motion is such 
that &yds = 0. One does not, therefore, have to assume the 
geodesic condition as a separate postulate. This would surely 
have delighted Hertz. 


The g outside a spherical mass with radial symmetry 

were worked out by Schwarzschild, soon after Einstein an- 
nounced his theory and the experimental verifications of gene- 
ral relativity are all verifications of this solution of Schwarzs- 
child’s. In deriving this solution, it is assumed that Newton’s 
theory is a first approximation. It appears, however, that this 
solution can be obtained from the special relativity and the 
Newtonian theory of gravitation 79 , without recourse to the appa- 
ratus of general relativity. The greatest triumph of the new law 
of gravitation was that it predicted an advance of the perihelion 
of Mercury, which removed a long standing discrepancy between 
the observed motion and that calculated from Newton’s theory. 

A different equation for the gravitational field inside matter 
(such as a gas) was given by Einstein but there are no signifi- 
cant experimental consequences of this equation which can be 


put to observational tests. Also this equation is logically not as 
simple as that for empty space in the presence of matter. Later, 
Einstein himself expressed dissatisfaction with the equation for 
the gravitational field inside matter 80 . Einstein and his collabo- 


rators then modified the theory, considering matter as consist- 
ing of singularities instead of a bounded continuum. 


Einstein’s theory of gravitation is basically different from 
Newton’s — not merely in its mathematical formalism. For 
example, Einsein s theory can say how light and clocks behave 
in a gravitational field, matters on which the Newtonian theory 
is silent. Conceptually also, the notion of the ‘field’ defined by 
a metric of space-time is a great step forward because, in the 
words of Einstein 81 , fields are the physical states of space. To 
return to our point regarding the assumptions on which the 
general theory is based, we may summarize them as follows : 


i) The gravitational field is characterized by a symmetric 


metric tensor g ^ satisfying equation (1). In Newton’s 
theory the gravitational field is a scalar. 
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ii) The law of gravity field in space around matter is 
G juv = 0 ’ where various G are some functions of 

g„ . 

iii) Newton’s theory is a first approximation. 

The equivalence principle, etc., are hardly invoked in work- 
ing out the theory. 


!h . Concluding Remarks : It will be wrong to assume that in 
lEinstein s theory we have the ultimate theory of gravitation 

and motion. We may catalogue some of the difficulties of the 
theory. 

i) How is it that in spite of the masses of the universe, 
the local metric is observed to be flat, i.e. that of spe- 
cial relativity? This is the problem of the existence of 
inertial systems. 

ii) Why is gravitation attractive? The theory of Hoyle and 
Narlikar 82 answers this question satisfactorily. 

iii) How to derive the value of the gravitational constant G? 
At present experiments for the determination of G 
employ Newtonian ideas and methods. As Synge 83 has 
pointed out, the fact is that it is difficult even to for- 
mulate simple dynamical problems in general relativity. 
This difficulty is not merely mathematical but 
conceptual. 

iv) It is not yet possible to localize energy and momen- 
tum of a gravitational field in any physically satis- 
factory way 84 . 

v) The present verifications of the theory are really only 
verifications of three observable consequences of a 
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particular solution of G = 0. (Schwarzchild’s for a 

static field around a heavy mass), 
vi) Singularities or unphysical behaviour of the metric 


ds2_g fi v dx ^ dx ^ at some values of g^ 
vii) Cases are known 85 where energy — tensor is zero but 


B yy<r^ 0 ' Tt cannot therefore be asserted that the cur- 
vature of space-time is the cause of gravitation. 
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viii) Approximate methods are unreliable. An approximate 
solution of the field equations for a given distribution 
of matter is an exact solution for some other distribu- 
tion. For example, if we use an approximate proce- 
dure to find a solution to empty-space equations, we 
may end up with an exact solution for a space with 
anistropic pressures in it 8 *. 

But this is the way all theories ultimately go. Einstein’s is 
still the best theory of gravitation. No experimental contradic- 
tions of the theory have yet come to light and it can scarcely be 
faulted on its basic ideas. But it is obvious that one day another 
theory will replace it. Numerous theories of gravitation have 
been proposed after Einstein’s. Notable among these are those 
due to Whitehead, 87 and in recent years due to Hoyle & Narli- 
kar 82 mentioned earlier. The very latest ones (sounds like a 
fashion-parade!) are due to Rastall 88 and Deser and Laurent 89 . 
At present these theories are observationally indistinguishable. 
Conceptually all the authors claim their theories to be different 
from Einstein’s. Whitehead 87 maintained the inherent division 
between geometry and physics, the former expressing the uni- 
form relatedness of nature and the latter its contingent relations, 
as he put it. A spherically symmetric mass with variable den- 
sity according to Whitehead’s theory has an external metric 
different from Einstein’s but not yet capable of experimental 
verification. Hoyle and Narlikar’s theory is no doubt an ad- 
vance on Einstein’s. Mach’s principle is fully incorporated and 
the sign of the gravitational constant comes out of the theory 
almost like a rabbit out of a hat. However, masses are assumed 
to have the same sign. It is said that there can be no world with 
one particle, the least number being two. But it is not clear 
what a particle is and why the world cannot be regarded as one 
particle . Each mass is said to arise from interaction with the 
rest of the universe 90 but this alone does not explain why vari- 
ous masses are different, e.g., why 1 gm and 1 kg masses differ 
so much while the rest of the masses of the universe remain 
almost the same for the two. Rastall’s theory assumes space- 
time to be formally flat and the gravitational field to be a scalar 
potential, not a tensor. Deser and Laurent’s analysis assumes 
gravitation to be a spin-two field; they get the metric around a 
spherical mass in the form : 
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ds 2 = ^1 — dt 2 — 4 - j dr 2 — r 2 d£ 2 3 . 

This is an exact form with the coefficient of dr 2 as ^ 1 + _L^ 
instead of ^1 — — j as in the case of the Schwarzschild metric. 

These developments are signs of health, but not yet of final 
achievement. A new theory of gravitation must predict new 
and testable results and thus be distinguishable from Einstein’s 
theory, before it can replace it. This is a legitimate demand and 
will no doubt be fulfilled one day as the edge of analysis and 
experimental precision moves forward. Already Dicke’s analysis 
and observations seem to show that the oblateness of the rotat- 
ing sun should account for a centennial advance of 4 " for the 
perihelion of Mercury. 

It does not diminish the great significance of Einstein’s 
theory of gravitation to say that it will surely be replaced. 

- What Shelley said in Alastor will remain true of the physicist’s 
quest for the laws of nature, always. 

I have watched 
Thy shadow, and the darkness of Thy steps, 

And my heart ever gazes on the depth 
Of thy deep mysteries 

and though ne’er yet 

Thou hast unveiled thy inmost sanctuary. 

Is it a sad thought that one can never taste the final consum- 
mation in physics? 
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7 Superconducting a. v. Nariikar 
Magnets 


1 . Introduction 

During the last few years there has been a spectacular 
growth in technology of superconducting magnets and materials. 

A variety of superconducting alloys and compounds are now 
available and steady magnetic fields as high as 150 kOe have 
already been generated. There seems no doubt that this limit will 
be steadily raised even higher towards 200 kOe or more. As 
compared to conventional electromagnets, superconducting mag- 
nets are far more compact, cheaper to operate and offer a better 
stability. They have become an integrated part of cryogenic 
laboratories for the nuclear and solid state research where fields 
in the range of 40-100 kOe are required over a relatively small 
volume of a few cm*. Even in such large installations and sophis- 
ticated projects as the hydrogen bubble chamber, magnetohydro- 
dynamic power generation, and the shielding of the space 
vehicles against radiation, the superconducting magnets are be- 
ing chosen in preference to the conventional electromagnets. 

The object of this paper is to give a brief account of the evolu- 
tion of technology of superconducting magnets, relating their 
design and performance. In order to appreciate fully the 
outstanding utility of superconducting magnets, it is worthwhile 
to examine first the power dissipation in conventional electro- 
magnets. 

2. The Conventional Electromagnet 

The generation of high magnetic fields using electromagnets 
wound with a conventional conductor, such as copper, has been 
fairly extensively studied for many years. But, in such magnets, 
due to the finite resistance of the copper wire, the electrical 278 
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power loss through Joule heating in solenoid windings is enor- 
mous. The field-power relation may be calculated as follows. If 
j is the current density and p n , the resistivity of the conductor, 
the power P dissipated over the whole volume V 0 of the conduc- 
tor in the solenoid is given by 

/■V 0 

p -j 2 PnJ dv = j 2 p n V 0 = j 2 p n af27^ (a*-l)\, ... (i) 

O 


where ai, a and 3 are as defined in fig. 1 . \ is called the ‘space 
factor given by V 0 /Vi, where Vi is the volume of the coil = 
3) (a 2 - 1 )- Since the conductor carries some insulation 
and also for the fact that some space is allowed for the 

cooling vents, V, > V 0 and X < 1. The field at the centre of 
the solenoid is given by 1 

H 0 = j ai X F(«, 3 ), ... ( 2 ) 

where F ( a , ( 3 ) is a geometrical factor given by 


a + (a 2 + p 2 y 




l l+(l + P 2 ) 2j 

Substituting the value of j from equ. 1 in equ. 2 gives the 
field-power relation in the form 


■* 0 ‘ 


H 0 = G (a 


where G( a , 3) is another geometrical factor given by 


2 7T 3\ A il 




a + (a 2 -+ 3 2 ) 2 ; 
1 + (l + 3 2 )* J 


Thus, from equ. 4, the optimization procedure for the mini- 
mum power consumption is to maximize G. However for most 
conventional solenoids, operating at room temperature, G is re- 
latively insensitive to geometry and equ. 4 may be expressed in 
a useful form 2 


H 0 = 1.1 x 10 2 (P/ai)* ••• 

where P is in megawatts, ai in cm. and Ho in kOersteds. 

Thus, for a magnet with the inner radius of 1 cm, to produce a 
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field of 100 kOe, the power dissipation is about 1 megawatt, and 
for a field of 20 0 kOe the dissipation is of over 3 megawatts. 
The power dissipation increases rapidly with increasing bore dia- 
meter. As an outcome of the large power dissipation, the tem- 
perature of the solenoid increases rapidly and it becomes neces- 
sary to have a large flow of cooling water to keep the tempera- 
ture of the system below its ‘burn out’ limit. 



Fig. 1 : The magnet parameters. 


Superconducting magnets, on the other hand are free from 
these complications. Their resistance being almost zero, they 
have practically no power dissipation. They can be operated by 
simple power supplies and the circulating currents can be easily 
switched into persistent mode so as to create a permanent mag- 
net system. Such a magnet then does not require any external 
power supply except that required to maintain the static cryo- 
genic environment, which may be roughly estimated as a 10-kW 
refrigerator. Thus we have in effect a power saving of at least , 
by a factor of 100 at 100 kOe; this factor will be even more at 
higher magnetic fields. ' 

3. Superconducting Aspects 

The phenomenon of superconductivity was discovered by 
Kamerlingh-Onnes in 1911. For mercury, he found that at a 
temperature little above 4°K, its resistance dropped abruptly 


to a value experimentally undetectable. Later, he observed a 
similar occurrence in other pure elements tin and lead. This 
phenomenon, he called superconductivity and the temperature 
a which it occurred, the critical temperature. Onnes immedia- 
tely had m mmd the production of strong magnetic fields 
without dissipation of Joule heat. But to his great disappoint- 
ment he discovered that the phenomenon abruptly disappeared 
m the presence of magnetic fields when the latter exceeded 
certain critical value H c of the order of a few hundred 
Oersteds. This situation has remained unchanged to the pre- 
sent day for pure superconducting elements. As a result of 
this set-back, for over the next forty years superconductivity 
remained merely of pure academic interest, with no apparent 
prospect of useful application. L i 

The most significant advances came in early sixties after 
Abrikosov 3 theoretically predicted a whole new class of super- 
conducting materials having magnetic properties quite different 
from those of pure elements. Fig. 2 a plots — 4 ^ M against H, M 
being magnetisation per volume. In this figure the magnetisa- 
tion behaviour of this category (shown by curve no. 1) , known 
as a type II superconductor is contrasted against that of a pure 
element, termed as a type I superconductor (the curve is 
shown by the vertical broken lines at H c ). The field penetra- 
tion m a type II superconductor begins at a field denoted by 
H Cl (termed as the lower critical field) which is somewhat 
less than H c , and it continues until a field H c (see fig. 2 a)' 
is reached when the material is no longer superconducting. 

H c termed as the upper critical field, is greater than H e . 
Below H C1 , the bulk material is entirely superconducting while 
above H C2 it is completely normal. Between H C1 and H c2 it is 
neither entirely superconducting nor entirely normal;' it is 
called the mixed state. Abrikosov showed that the field penet- 
ration in the mixed state occurred in the pattern of a regular 
lattice of vortex lines. A vortex line may be roughly defined 
as a cylindrical filament of normal material enclosed by 
rings of supercurrents. The radius of the filament being very 
small, even in appreciably high fields the material carries 
practically no resistance in the mixed state. The upper critical 
field depends upon such parameters as the normal state resisti- 
vity, the critical temperature and the coefficient of electronic 
specific heat. By controlled alloying these parameters can be 
conveniently altered so as to enhance the value of the upper 
critical field. 
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Fig. 2a Reversible and irreversi- 2b Critical current curves of a 
ble magnetisation curves type II superconductor, 

of a type II superconduc- 
tor. The curve in broken 
lines shows the magnetisa- 
tion behaviour of a type I 
superconductor. 

For making superconducting solenoids, however, a material 
having just a large upper critical field is not adequate enough, 
i must also carry high transport current densities in large mag- 
netic fields. A homogeneous and defect-free specimen (with the 
magnetisation curve no. 1 in fig. 2a) in the mixed state fails to 
carry any transport current in a transverse magnetic field (see 
curve no. 1 in fig. 2b) because in this situation there is always a 
force j XH (the Lorentz force) which tends to sweep the field 
out of the material. Thus, in order that a material may carry 
nigh current densities in the mixed state it must have inhomoge- 
neities and defects which would cause hindrance to vortex motion. 
Magnetisation curves of inhomogeneous specimens show mag- 
netic hysteresis (curves no. 2 and 3 in fig. 2a) and such speci- 
mens can also sustain high current densities (curves no. 2 and 
3 in fig. 2 b). These materials are called ‘hard superconductors’. 

The relationship between the lattice defects and superconducting 
properties has been reviewed recently by several authors. 4 - «- • 277 


4. High-Field Materials 

In parallel with the rapid theoretical developments, some 
of which are mentioned above, there began an equally specta-( 
cular growth in experimental work on superconducting alloys 
and compounds, and during early sixties several materials were 
discovered which remained superconducting at higher tempera- 
tures and in field strengths of several thousand Oersteds (see 
Table 1) . These materials showed hysteresis and carried high 
current densities in high magnetic fields and thus became im- 
mediately of technological interest. Next obvious step was to 
fabricate these materials in a form suitable for -winding mag- 
nets. This, however, turned out to be one of the main obstacles 
in making of high-field solenoids, and, in fact, till now due to 
fabrication difficulties alone, magnets of y 3 Si and V 3 Ga have 
not yet been made. 


Table I 


Material 

Critical Field 
at 4.2°K (Oe) 

Critical 

Temperature 

Mo - 38 at. % Re 

25000 

12.3 

Nb - 25 at. % Zr 

75000 

11.0 

Nb - 60 at. % Ti 

125000 

8.5 

Nb, Sn 

225000 

18.2 

V 3 Si 

225000 

16.8 

V Ga 

195000 

14.0 


Fabrication of Nb-Zr and Nb-Ti has been relatively easy. 
These materials are ductile and present little problem in draw- 
ing wires of required dimensions. A Nb-Zr magnet is convenient 
up to fields of 50 kOe while Nb-Ti up to 100 kOe. For field re- 
quirements exceeding 100 kOe one has to use a Nb 3 Sn magnet. 

As compared to Nb-Zr and Nb-Ti, the fabrication of Nb 3 Sn 
has presented certain difficulties. The material is extremely 
brittle and cannot be drawn into wires like either of the two 
materials. There are essentially two methods followed. In the 
first method, known as ‘wind and react’ method, a niobium wire 
is coated with tin and is wound into a solenoid. The solenoid is 
then cooked in a furnace for several hours at 950°C. During 
this heat-treatment Nb and Sn react to form Nb 3 Sn. This method 
is satisfactory for making small laboratory solenoids but is obvi- 
ously unsuitable for the magnets required for large installations. 


The other method involves making of flexible tapes by deposit- 
ing thin films of Nb 3 Sn on a suitable substratum. To make a 
solenoid, the superconducting tape is wound into flat discs 
(pancakes), and a stack of discs is connected in series (fig 3 ) 
Disc to disc short-circuiting is avoided by using insulating 
spacers between discs. 100 kOe, 1.5 inch bore laboratory magnet 

type 7 g ° Ut by General EIectric Com P an y is of this 
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Fig. 3 : Superconducting magnet in 
pancake-type construction. 


5. The Performance 

The early experiments with superconducting magnets posed 
two rather unexpected problems which faced the solenoid de- 
signer. They were the degradation effect, that is, the failure of 
the solenoid to carry the current as expected from short-sample 
tests, and the destruction of the solenoid resulting from the acci- 
dental transition from superconducting to normal state. Hard 
superconductors in normal state have very high electrical resis- 
tivity and Joule heating resulting at the transition is sufficiently 
large to destroy the coil. The origin of degradation, which results 
m the premature transitions at low current densities, is in flux 
jumping. The .movement of vortex lines in hard superconduc- 
tors is discontinuous and jerky (curve 4 in fig. 2a) and if a 
sufficiently large flux jump occurs it nucleates a normal zone 
If the thermal environments of the coil are poor, the normal 
zone grows and spreads right through, and this results in the 
discharge of the coil. 


The above difficulties are overcome by using superconduct- 
ing wires coated with copper. This has two effects. The resisti- 
vity of copper being low it serves as an efficient shunt when the 
accidental transition to the normal state occurs, and thus pro- 
tects the superconducting wire. Secondly, the copper coating 
enhances the current-carrying capacity of the wire by improv- 
ing its thermal environment and providing a better cooling. 



Fig. 4a : A composite superconducting 
cable consisting of 7 copper coated 
superconducting strands enclosed by 
12 copper strands. 
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Fig. 4b : Stekly-type composite cable. 
9 superconducting strands are embed- 
ded in a copper strip. 


The stable coils are made by using cables consisting of 
several separate copper coated superconducting strands. The use 
of extra strands of copper around the superconducting strands 
gives an additional stability. (Fig. 4a.) Indium and lead are 
generally used as impregnating materials. They ensure a good 
flexibility and maintain a satisfactory electrical bond between 
strands. Stekly and his collaborators 7 have made a cable con- 
sisting of 9 Nb-Zr wires embedded in a copper strip. (Fig. 4b.) 
Solenoids constructed from such a cable are entirely stable. 

6. Design of Superconducting Magnets; Optimization 

In the design of superconducting solenoids where power is no 
longer required, one is interested to know the shape of the sole- 
noid so that the minimum length of the superconducting wire 
(or cable) is needed to produce the required field. This problem 
has been examined recently by Thomas and Bright. 8 Equ. 2 
may be written as 



2 7T b I . 
In 


5 A 


r q + (a 2 + ft 2 ) * 

^ 1 + (1 + P 2 ) * 


CO 


where I is the current in the wire of diameter d, and A is the 
cross-sectional area allowed for each turn. A=2d 2 and the space 
factor \ = (d/2) 2 /2d 2 = 0. 39 ! . The above equation may be 

rewritten as 


= P In [- 

L 1 


a + (a 2 + p 2 ) : 


+ (1 + P 2 ) ’ 


where R = 


5 H n A 


2 7 t I aj ' * en 2th °f the wire is given by 


l = 2j ^ (« a -Dp = ^riQ 


where Q = ( tt 2 _l) p. 


The parameter R is determined by the field requirement, 
the current-carrying capacity of the material, the diameter of 
the wire available and the size of the bore required for the 
solenoid. Thomas and Bright 8 have computed two sets of curves 
between Q and (3, and between a and p for different values 
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of R. From the first set of curves, for a particular value of R, 
the value (3 which gives the minimum Q is determined. Using 
this value of j 3 , the value of a is obtained from the second set 
of curves. Knowing K , p and Q, the shape of the solenoid 
and the minimum length of the wire required can be easily 
calculated. 

/. Conclusion; the Upper Field Limitation in Superconductors 

Superconducting magnet technology is now already well esta- 
blished. Further progress will clearly depend upon the dis- 
covery of new materials with higher critical temperatures, higher 
transport current densities, and larger critical fields. It is natu- 
ral to ask if there is any upper field limitation H c for fields 
produced using superconducting solenoids. The problem has 
been examined by theoreticians who have shown that, in fact, 
there is such a limit for the critical field of a material, which at 
O 0 K is given by H Cp ~ 18400 T c Oe, where T e is the critical 
temperature in (OK). This limit arises because of the align- 
ment of free electron spins of the normal state in the presence 
of the applied field which results in a decrease of its free energy, 
and consequently, the field required to compensate the differ- 
ence between superconducting and normal state free energies 
is subsequently reduced. Physically, this simply means that the 
problem of finding materials with higher critical fields is, in 
fact, same as of finding new materials having higher critical' 
temperatures. Until now, Nb 3 Sn was known as the material 
having the highest T c of 18.2°K. The upper field limitation for 
NbsSn at 4.2°K is about 250 : kOe. Thus to generate higher 
magnetic fields than this one must look for a material having 
the critical temperature greater than 18.2°K. Recently 9 a com- 
pound Nb 3 (Al, Ge) has been discovered which possesses T c of 
20.7°K. Magnetic properties of this material have yet to be 
reported. If they turn out to be superior to those of Nb 3 Sn the 
next obvious step would be to fabricate this material in a conve- 
nient form readily suitable for winding solenoids. 
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8 Explicit Sampling V. S. Huzurbazar 

Distribution and the 
Posterior Probability 
Distribution of the 
Maximum Likelihood 
Estimators of 
Parameters of a 
Regular-Type 
Distribution Admitting 
Sufficient Statistics 
for Parameters 

Summary : The explicit sampling distribution of the maximum 
likelihood estimators of the parameters of a regular-type distribu- 
tion ( i.e. when the range of the distribution is independent of the 
parameters) is obtained, thus extending the single-parameter 
case considered by Fisher (1934) and Pitman (1936). Explicit 
posterior probability distribution of the maximum likelihood 
estimates from a subsequent sample when an earlier sample is 
known, is also obtained, thus , extending the previous result 
obtained by the present Author ( 1948 ) . 

1. Introduction : The most general form of regular-type dis- 
tributions admitting a set of jointly sufficient statistics for the 
parameters aj ( j =1, 2, ..., p), as given by Pitman (1936) and 
Koopman ( 1936 ) is 

( p -1 

f (x; aj) =exp ^ u k (a j )v k (x)+A(x)+B(a j ) l , (1) 

lk=l J 

where the u k and B are functions of the aj only, and the v k and 
A are functions of x only. 

2. Explicit sampling distribution of the maximum likelihood 
estimators of the parameters of a distribution admitting a set 
of jointly sufficient statistics : 

Let x 1; x 2 , ..., x n be a sample of n independent observations 
from the distribution yielding the maximum likelihood estimators 
<Xj of the parameters aj. If L is the logarithm of the likelihood 
function, we have 

P n 

u k (“j)T k + 2 A(xi) +n B(ocj), 
k=l 1 = 1 
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where 

n 

T k = ^ Vlc(X|). 

1=1 

The maximum likelihood equations for the aj are 

3^ = 2^ LTk + n aT r = ° ( r = 1> 2, ..., p). 
k=l 


Hence 


p 

S /dUk \ 
V> a r /; 


T k + n 


= 0 (r=l, 2, ..., p) . (2) 


The p simultaneous linear equations in the T k given by 
(2) enable us to express the T k in terms of the maximum 
likelihood estimators aj. The solutions will be of the form 

T k = n<jb k (aj). ( 3 ) 

If H (t k ) is the characteristic function of the T k ’s, 

/ .A I 

H (t k ) = E < eI 2^t k T k y 

h k=l J 

f P n 

= e i ei 2 tk 2 Vk (x ^ ( 

i k=i 1=1 j 

= £ E { ei 2 tk Vk (x) } J • w 

Since J~f (x;aj)dx = 1 for all we have 

/ ex p{2 Uk Vk + A ( x )j> dx = e xp<|-B (aj)j> (5) 

Now the u k (aj) are p independent* functions of the p parameters 
«j . We can express the a. inversely as functions of the u k ’ s. 
Then B (a^ can be expressed in terms of the u k ’ s as 

B («j) = b (u k ). (g) 

* The independence of the functions Uk ( aj ) follows from the fact that 
the u k can _ also be chosen as parameters of the distribution in place 

! “I - “ t , he Uk are n0t inde Pendent, the number of essential para- 

meters of the distribution can be reduced. This will be contrary to the 

disTributTon. that the “ 3 arC 3 S6t ° f P essential Parameters of the 
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Hence (5) becomes 


Jexp | Vk (X) + A (x)j>dx^exp<j-b (u k )j>, (7) 


which we shall use often. 


f p 

E ei 2 tk Vk (X) ( 


Now E < e 1 2_j t k Vk (x) > 

l k=l J 

f P 1 

= J exp i 2 (u k + itfc) v k (x) + A (x) + B (otj) /■ dx 

lk=l J 

= exp { B (*j) } fexpjv ( u k + ^ Vk (x) + A (x) \ dx 

lk=l J 

_ eX p | B (“j) j- exp b (u k + it k ) j- (writing u k + it k for u k in (7)) 
= exp | B (<Xj) - b (u k + it k ) | • 

From (4), H (t k ) = exp j n B (a,) - n b (u k + it k ) 

The joint p. d. f. of the T k ’s is given by 


00 00 


00 OO . * 

f ... f ” 1 t k T k 

J J e f' H (t k ) d tl ... dt p 

— 00 —oo K-JL 


00 00 * I 

1 f f exp <- j ^t k T k +nB(«j)-nb(u k +it k ) > dt t ... dt p 
= (2«) p_oo -oo \ k=l J 

And from (3) , the joint p.d.f. of the oq s is 

00 00 

nP . » (»!»-> J - J exp 

(2tt)p t>(“l> ..., a p ) -oo -oo 

/ - ni ^ (*i> + nB ( a J> - nb (Uk + itk) f dtl ' ' ' dtp ‘ (8) 

l k=l J 
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3. Explicit posterior probability distribution of the maximum 
likelihood estimates from a subsequent sample when an earlier 
sample is known : We now proceed to obtain an explicit answer 
to the following frequently occurring problem. Given one sample 
of n observations x 1( x 2 , . . . , x n yielding the maximum likelihood* 
estimates a) of the parameters a j( and no other information 
about the parameters; what is the probability that a second sample 
of n' observations x/, x 2 ', ..., x' n ' will give the maximum 
likelihood estimates a'j in a particular region ? 

As an illustration, the problem considered by Jeffreys (1961, p. 
142) : Given a sample of n observations from the normal distribu- 
tion (with unknown parameters) giving x and s, being res- 
pectively the mean and the standard deviation of the sample; 
what is the probability that a subsequent sample of n' observations 
will give x' and s' in a particular region ?f 
The problem is to evaluate 

p ( di; Xl , ... x„,h) =p ( ds; 

where 0! represents the first sample. 

Now P ^ d aj 


0 1 , (the multiple integration being 

with respect to the aj ) ; 

= J ... f P (d 0! h) P (d ij «,, 0 1; h) 

Oj) 

= f-f p(d «j 0!, h) P (d H ) 


* In this problem in the theory of inverse probability, the term 
‘maximum likelihood’ is introduced as a derivative principle, as an 
approximation to the principle of inverse probability. See Jeffreys 
(1961, p. 193). 

t Fisher (1935) has considered the analogous problem in the fiducial 
theory : Given a sample of n observations from the normal distribu- 
tion yielding the statistics x and s, to find the fiducial frequency distri- 
bution of the statistics x' and s' derived from a subsequent sample of 
n' observations. 
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Both factors in the integrand of (1) can be evaluated explicitly in 
terms of the a . and y. We have from (2.8), 

J GCj 


Ja*' tt \_ n'«» . a (&» •••> ^p) a~' A*' 

v da * t«, *,\ d ^- da p 


( A/ A/\ 

«1 


x/ t k 0k(^j)+ n ' B(«])-n'b (u k +it. k ) Mt^.-dtp. 

— 00 — 00 l k = l J (2) 


P ^daj J 6i, can be obtained as follows. 

[ p n t 

Ydx 1 ...dxJ a jH^ = exp< ^ u k (aj)T k + ^ A(xi)+nB( aj ) ! 

' 1 'k=l 1=1 J 


dx x ... dx. 


= exp 


J „ ^ 


\ n ^u k , k (aj) +^^A(xj) +nB(aj) , dx^-dx,, 
‘ k=l 1=1 ' 


substituting for the T k . 

If P(da 3 |H)oc exp { } dxi...da p , we have 


fdaj | 0 1 ; h) oc exp -l n ^ u k 0 k (^j)+ nB («j)+^(«j) i d «i... d a p . 
1 k=l ’ 


If the constant of proportionality is C (a),) 


(d Kj | 0 1 H)=exp<|"n^^u k </> k (a j )+nB(aj)+'^ , (aj)+C(a j )J>da 1 ...da p 

l k=l > 


Finally substituting in (1) for P (daj|0 x ,H) and P (da/ |«j,H) 
from (2) and (3) respectively, we have the expression for 
P ( da- | 0 l3 H ) which comes out as a function of the xj and the 
aj only. 

The general problem considered in this section appears to have 
an analogue in the fiducial theory. The one-parameter problem 
has been referred to by Bartlett (1937). 
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the Mean Deviation 
for the 
Pearson Type 
Discrete Distributions 


Summary : A structural property relating the mean deviation 
to the variance and the value of the frequency function at the 
mean is established for the Pearson Type discrete distributions. 
Its generalisation is also briefly discussed. 

1. An interesting structural property of some distributions 
involving the mean deviation is 

& 1 = 2 i W 2 f(m) ( 1 ) 

where — the mean deviation from the mean, [A 2 = variance, and 
f ( m ) = the frequency function at m. Here m=[/«], the integral 
part in the mean l 1 of the distribution, for discrete distributions, 
and m=fA for continuous distributions. It seems this kind of 
relationship between the variance, the mean deviation and the 
frequency function had attracted the attention of mathematical 
statisticians during the twenties, e.g. Karl Pearson (1924), 
L. Von Bortkiewiez (1923), Gumbel (1927). After a lapse of 
almost thirty years interest in it was again revived when Johnson 
(quoted by Ramasubban, 1958) recently pointed it out. The 
property as stated in ( 1 ) holds for the Poisson distribution for 
all values of the mean, holds for the binomial and the negative 
binomial distributions when is an integer, and it also holds for 
the normal and Type III distributions among the continuous 
distributions. The property may be said to hold with a “ correc- 
tion factor ” for the hypergeometric distribution, the hypergeome- 
tric waiting-time distribution and the runs distribution ( the latter 
two as defined for instance in Wilks, 1962 ) when [a is an integer. 
(See Kamat, 1963). For other recent papers bearing on related 
results the reader is referred to Bardwell (1960), Bardwell and 
Crow (1964) and Kamat (1965a, 1965b, 1966a, 1966b, 1967). 

2. In analogy with the Pearson class of continuous distribu- 
tions it is natural to consider the class of discrete distributions 
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f(x + l) P(x) (2) 

f (x) Q(x) 

where P(x) and Q(x) are polynomials in x and where f(x) is the 
frequency function of a discrete distribution defined on the 
consecutive integers a ^ x b and which satisfies the usual con- 

b 

ditions : f (x) > 0 for a < x < b, and 2 f(x) = 1. In many of the 

a 

wellknown discrete distributions a is a zero or one and b may be 
finite or infinite. For the following discussion we shall restrict 
(2) to the case where P(x) and Q(x) are quadratic expressions 
in x. When the coefficients of the square terms in P(x) and 
Q(x) are equal (2) defines what may be called the Pearson class 
of discrete distributions, for in that case 


f(x + l) — f(x) 
f(x) 


P(x) - Q(x) 
Q( x ) 


and L (x) is then linear in x. (It is well known that Karl Pearson 
arrived at the famous Pearson differential equation for continuous 
distributions as the limit of a relation similar to (3) for the 
hypergeometric distribution and followed this approach for many 
years.) In the following paragraphs the quadratic expressions 
P(x) ana Q(x) will be written for the sake of convenience, but 
without loss of generalisation, as 

P(x) = a 2 (x- / u) 2 +a 1 (x- y u)+a () (4) 

Q(x) = b 2 (x + l-^)^ + b 1 (x + l- ) u) + b 0 

where [A is the mean of the distribution. Then the defining rela- 
tion of the class becomes 

f(x + l) = a 2 ( x- ^) 2 + ai (x-/*) + aft 

f(x) b^x + l-^ + b^x + i-^ + b,, (5) 


with f(x) >0 for a<x<b and2f(x)=l. It will also be 

a 

assumed that the usual boundary conditions are satisfied, that is, 
Q( a ~l) = 0> P(b)=0 when b is finite and when b is infinite 
x rf ( x ) ~ 0 as x — > cc for all r. ( This corresponds to the condition 
of high-order contact of f ( x ) with the x-axis in the continuous 
case). 

3. A recurrence relation of moments can be easily found for 
the distribution defined by (5) as follows. We have 


b b-1 

2 ( x — M) r P(x) f(x) =2(^ + 1 -/“- 1 ) r Q(x) f(x + 1) + 
a a-1 

+ (b-^) r P(b) f(b)-(a-^-l) r Q( a -l) f(a) (6) 

and since the last two terms on the right hand side vanish 
because of the boundary conditions this gives the relation 

r 

a 2^ ri-2+ a l^r+l + a 0^r =2 ( l) 1 ! 1 !) (b2^ < rf2-i + h 1 A , r + 1 .j + b 0 ^ r i) 

i = ° (?) 

It can be verified that all the discrete distributions mentioned in 
para 1 belong to this class and therefore have recurrence relations 
of the type (7) for moments. Their incomplete moments (defined 

by say 2 (x-^) r f(x)) will also satisfy a recurrence relation 

k 

similar to (7) but it will contain an additional term corresponding 
to k. One interesting result is obtained from (7) by putting r = 0. 
Since fi 0 = l, ^ = 0, the relation (7) gives a 2/ « 2 + a 0 = b 2/ u 2 + b 0 and 
therefore a 0 = b 0 whenever a 2 = b 2 and vice versa. Now a 2 = b 2 
defines the Pearson type discrete distributions and it can be 
verified that all the distributions mentioned in para 1 are 
Pearson type and that a„ = b 0 for each one of them. 

4. To obtain the relationship between the mean deviation g x 
and other moments for this class of distributions let us first note 
b 

that, since 2 (x - M) f (x) = 0, 
a 

b b 

Si=S | x-ft|f(x)=2^ (x-f()f(x) (8) 

a m+1 

where m = [jU], Now consider the incomplete sum 
b b-1 

2 P(x) f(x) Q(x) f ( x + 1 ) -Q(m) f (m + 1) + P(b) f(b). 
m+1 m 

Since the last term on the right vanishes because of the 
boundary conditions and since Q(m) f(m + l) = P(m) f(m), we have 

b b-1 

2 P(x) f(x) =2 Q(x) f (x+1) -P(m) f (m) 
m+1 m 
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( 9 ) 


( 10 ) 


(b 1 -a 1 )8 1 =2(a 2 (m-/ u ) 2 +a 1 (m-^J+ao) f(m) + 

b b 

+ 2(a 2 -b 2 ) 2 ( X ~^) 2 f ( x )+2( a o— b 0 ) 7 ( f(x). 
m+1 m+1 

Now in the Pearson type discrete distributions a 2 =b 2 and a 0 = b 0 . 

Hence the last two terms on the right will vanish and we have 

8 1 = 2(c 2 (m-f i ) 2 + c 1 (m-/ i ) +c 0 ) f(m) (11) 

where c 2 - a 2 /(b x - a x ) , c x = a x /(b x - a x ) and Co = ao/(b 1 -a x ). This can 
be expressed in the form of a generalisation of (1) as follows. 
Putting r = l in (7) and noting that M 0 = l, / i 1 = 0, a 2 = b 2 , a 0 = b 0 we 
have (b^ai-^) f t 2 = b 0 = a 0 . Hence (11) can be rewritten as 

S 1 = 2(d 2 (m-i u ) 2 +d 1 (m-i u ) + d 0 ) M 2 f(m) ( 12 ) 

where d 2 , d x , d 0 are obtained respectively from c 2 , c u c 0 by multi- 
plying them by (b x -a]-b 2 ) /a 0 . When M is an integer this becomes 

8i=2d 0 f' 2 f(m)=2 (l -~^)/U 2 f (m) . (13) 

We may therefore say that for the Pearson type discrete dis- 
tributions defined in para 2 the generalisation of the property 

(I) is given by (12) and that when ft is an integer the property 
holds with the “correction factor” d 0 . Further, d 0 = 1 if, and only 
if, b 2 = 0, a conclusion which is similar to what was obtained for 
the Pearson type continuous distributions (Kamat, 1966b). 

5. From the recurrence relations (7) putting r = 0, 1, 2, 3, 4, 5 
and using a 2 = b 2 , a 0 = b 0 and ^ 0 = 1, =0, we can express the 

a and b coefficients in terms of p 2 , M 2 , Mi- Hence c 2 , c x , c 0 of 

(II) can be expressed in terms of )* 2 , Ms, fi 4 . Thus we obtain 

2 - 3 /*§ - 6 Ml + Mi 

c 2 = 

e w 2 - mi - md 

Mz (Mi + 3 Ml - p 2 ) 

C 2 = - 5 (14) 

6 (^ 4^2 - mi - Mi) 

c 0 = (l'C 2 ) M 2 

These values are identical with those obtained for similar 
coefficients for the class of distributions considered in Kamat 
(1965a). It now appears that the class defined there is included in 
the Pearson type discrete distributions defined, here with a 2 - b 2 
(and therefore a 0 = b 0 because of the boundary conditions). We 293 
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did not realise this until we examined the Pearson discrete class. 
When c 2 = 0, that is, when a 2 = 0, we have c 0 = H 2 and then the 
property (1) holds exactly for integral values of ft. Otherwise it 
holds with the “correction factor” d 0 or l-c 2 for integral j- 1 . 

6. The subclass of the distributions defined by (5) when a 2 =b 2 
=0, that is, whenP(x) and Q(x) are linear, is interesting. Among 
the discrete distributions mentioned in para 1 the binomial, the 
negative binomial and Poisson distributions belong to this subclass 
while the other three do not belong to it. For this subclass the 
recurrence relation (7) for moments reduces to 

r 

ai^r +1 + a oi» r = 2 ( “ 1)1 (ri) < b i^r + 1 . i + b 0 j“r — i) (15) 
i = 0 

Since as observed above, d 0 = l when b 2 = 0, the relation (12) for 
this subclass reduces to 

Si = 2 (d x (m - fi) + 1) fi 2 f(m). (16) 

The number of a and b constants is now reduced and using (15) it 
can be shown that 

d = ~ ^2 (17) 

1 b 0 2 li\ 

If in addition a^b^o, (5) yields only two distributions : (i) When 
a 0 /b 0 < 1 we have the geometric distribution ; this can be looked 
upon as a particular case of the negative binomial which is 
covered by (16). When a 0 /b 0 =1, we have the uniform distribution 
which does not satisfy the boundary conditions of para 3, and (15) 
and (16) do not apply. 

7. Finally we would like to make two observations. First, the 
logarithmic series distribution has a recurrence relation of the 
type (5) for its frequency function but it does not satisfy the 
boundary condition at the lower end. It has not been so far 
possible to obtain a relationship of the type (12) or (16) for this 
distribution (see Kamat, 1963). Secondly, it appears from (10) 
that it may not in general be possible to obtain a relationship 
between Sj, fi 2 and f(m) of the type (12) or (16) when a 2 and b 2 are 
not equal, that is when the distribution is not Pearson type. On 
the other hand, when P(x) and Q(x) of (5) are polynomials of 
higher degree than the second with coefficients a s , b s (s-0, 1,2, ...n) 
and if a s =b s for s=2,3,...n, then it should always be possible to have 
a generalization of (11) of the form 

n 

Sx = 2 f(m) ^c^m-/*) 5 
s = 0 
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where c s -a s /(b 1 -a 1 ). And it should also be possible to express c s 
in terms of moments of the distribution using the corresponding 
generalisation of (7) viz. 
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Formula for 
Chromosome Mapping 


Since T. H. Morgan and his colleagues in U.S.A. propounded 
the Cnromosome Theory of Heredity, comprising the linear 
arrangement of genes in chromosomes and their recombination 
through the phenomenon of crossing-over of homologues dur- 
ing meiosis, chromosome-mapping has been an active pursuit 
among geneticist? for an understanding of the serial order of 
genes and their spatial relations. The interest in it has widened 
in recent times on account of the findings such as : (i) linkage 
regulates the gene-flow between and within plant populations to 
meet the conflicting needs of adaptation and adaptability 
(Thoday, 1958) ; (ii) a balance exists in nature between the two 
constituents of the ‘breeding system’, viz., (a) the amount of 
recombination through crossing-over and (b) that resulting 
from genotypic differences between garnets uniting during 
fertilisation (Lewis, 1966) ; and (iii) even polygenes by which a 
number of economic characters are governed can be mapped 
(Thoday, 1961). 

Morgan visualised that the frequency of recombination of 
any two genes was, to some extent, proportional to the distance 
between them on the chromosome. As the recombination fraction 
was the mathematical expectation of cross-overs occurring in 
the interval, it was expected that the cross-over value of a con- 1 
taining segment would be equal to the sum of those of the con- 
tained segments. This expectation was not fulfilled in the case 
of long (contained) segments (of more. than about 10 c.o.). The 
incongruity Was recognized as due to the ‘coincidence’ resulting 
from multiple cross-overs which were likely to occur in long 
segments. Therefore, if recombination fraction Y was to be an 
index of the linear interval or ‘Map Distance’ X on the chromo- 
296 some, it was essential to think of a Mapping Function of Y 
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which would make map distances additive irrespective of their 
magnitudes and throughout the length of the chromosome. On 
the assumption of randomness of crossing over and accounting 
for ‘coincidence’, Trow devised in 1913 a formula, 

Y 1+2 = Y 1 + Y 2 -2Y 1 Y 2 

‘The formula is universally true for all pairs of contiguous seg- 
ments and states the addition theorem for recombination as a 
function of interval.’ 

However, a second cause of disturbance in additivity, viz., 
the phenomenon of ‘interference’ was brought to light by Muller 
in 1916. By interference it is meant that the occurrence of one 
cross-over tends to hinder the occurrence of another in its 
neighbourhood, due to which the probability of two cross-overs 
occurring simultaneously in a segment is less than the pro- 
duct of probabilities of their separate occurrence. 

In order to provide a completely additive metric for in- 
tervals, which could more appropriately be expressed in geo- 
metrical units, Haldane (1919) converted Trow’s formula into 
a Mapping Function, 

Y = m(X) = 1(1 - e~ 2x ) 

Further, to account also for ‘interference’ he introduced a 
constant C 0 as the ‘marginal coincidence’, an upper limit of 
coincidence, ‘C’, and expressed the mapping functions for seg- 
ments of different sizes in terms of Y the recombination frac- 
tion and X the map distance as follows : — 

(i) For small X, X = Y 

(ii) For large X, (where C 0 ->1) 

X = - 1 log e (1 - 2Y) 

Y= 1 (1 - e~ 2x ) 

(iii) For all intervals, 

X = -^-log e (1 - 2C 0 Y) 

Y _ 1 - e — 2c o x 
^ 2C ° 

Kosambi (1944) noted that the constant C 0 for marginal 
coincidence included in Haldane’s equations introduced un- 
necessary complications without any special advantage. As 
there is nothing like an intrinsic unit of map length which is 
only an imaginary metric (unrelated to either the physical 
or cy tological length of the chromosome) , the primary re- 297 



quirement in the mapping function is consistency, together 
with simplicity if possible, and "‘that formula is the most suit- 
able for which distances are additive within the limits of 
significance”. On the basis of the above arguments and assum- 
ing Co to depend in some way on X and to increase steadily, 
Kosambi derived a very valuable mapping function : 

( 1 4 - 2Y\ 

and Y = itanh 2X 

By using the function, map length (in centimorgans) can be 
obtained either by referring to tables of logarithms or to the 
table of r to Z transformation in Fisher and Yates Statistical 
Tables. 

The special advantage in Kosambi’s mapping function is 
that the corresponding addition theorem for Y is very simple, 
being, 

Yi + Y 2 

1+2 1 + 4 YiY 2 

The fit of Kosambi’s formula to recombination data in any 
particular case can be tested by working out what Owen (1950) 
calls the Kosambi Coefficient K, given by 

Y, + Y 2 - Y 1+2 
4 Y 1 Y 2 Y 3+2 

Whenever the Kosambi formula is satisfied, K is equal to 
unity; when less than unity, interference is in excess of the 
Kosambi level and when more than unity, it is less than that of 
the Kosambi level. As in the case of Haldane’s mapping function, 
there is an assumption even in Kosambi’s formula of a uniform 
intensity of interference over the entire length of the chromo- 
some. 

Kosambi’s formula, which is empirical, was tested by this 
author, soon after its publication, in two different cases, viz., 
U) on the three-point segregation data of Punnet on sweet pea 
(Bhat, 1947) and (ii) on the four-point data of N. E. Jodon on 
rice (Bhat, 1950). In both the cases, the formula gave good fit 
with high precision; moreover, in the latter case it became 
possible to clear Jodon’s doubt about the factor, Gu (glutinous 
grain) and Cl (floret arrangement) being in the same linkage 
group since all the four factors including the above two could 
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be coherently mapped on an additive basis in the same chromo- 
some. Later, Bhat and Argikar (1951) found the formula agree* 
ing very well also in a three-point test in Cicer arietinum. 

Of far greater value is the fact that the formula has been 
found useful in the treatment of data suggestive of more than 
50 per cent crossing-over, which has been observed since long 
in both plants and animals. The unusual occurrence has been 
found to be caused (i) by chromatid interference and (ii) 
chiasma interference. Chromatid interference is the result of 
an abnormal exchange taking place between sister strands of 
the self-borne chromosome, but, as it is a rare event, it is not 
thought to deserve separate consideration in the mathematical 
treatment of the ‘interference’ problem. But, chiasma inter- 
ference, i.e., the interference occurring within a strand consi- 
derably affects the crossing-over in it, though theoretically it is 
not imperative that the highest limit to the recombination 
fraction should be 50 per cent. 

Jennings and Winge indicated, subject to certain provisos, 
the possibilities of recombination in excess of 50 per cent be- 
tween moderately remote genes. From analysis of both geneti- 
cal and cytological data, Mather has formulated in 1936 a 
theory of serial formation of chiasmata embodying the following 
points : ° 

1) The two arms of a bivalent are independent, the centro- 
mere operating as an insulator suppressing all or near- 
ly all interference between them. 

2) Chiasma formation proceeds on either side of the 
centromere according to a serial process starting from 
a certain mean cytological distance from the centro- 
mere which Mather calls ‘differential distance’. 

3) The distance at which the first cross-over takes place 
is correlated with the length of the arm and would 
therefore be different for chromosomes of different 
lengths. 

4) Mather calls the cross-over intervals beyond the first 
chiasma by the name, ‘interference distance’ and has 
found them to be more or less uniform. 

On the basis of Mather’s theory, Owen (1950) points out 
the possibility that ‘for sufficiently intense interference on long 
enough arms, the recombination fraction may be expected to 
show oscillations and have some maxima and minima on either 


299 


in. xv. t mat 


side of the 50 per cent level.’ Further, on mathematically exa- 
mining the implications of the Kosambi formula, he finds that, 
in the case of short and medium long arms, “at the Kosambi 
level of interference, recombinations between the terminus and 
an interior locus may be as great as 60 per cent, and, between' 
the centromere and some loci as great as 55 per cent”. 

It is interesting to point out that the Kosambi formula 
provided R. A. Fisher a model for selecting the function, 

d / 7Y u\ 

l-Sech~^~ ) , for a fairly successful treatment of the sex 

chromosome data in the house mouse which involved recombi- 
nations in excess of 50 per cent. By applying the function, 
Fisher et al (1947) obtained recombinations of 56.07 per cent 
between Sex and Wv 2 , 56.73 per cent between Sex and Sh 2 , and 
31.06 per cent between Wv 2 and Sh 2 , all with S.E. of the order 
of only 2.3 per cent, and constructed a coherently additive map 
of the sex chromosome. 

In conclusion it may be stated that the Kosambi formula 
which, though ‘largely an intelligent empiricism’, is the only one 
so far which gives satisfactory additive estimates of map 
lengths irrespective of the kinds of organisms and the lengths 
of their chromosomes on which recombination data are gathered. 
Its logical status, as described by Owen (1950) is ‘of an intelli- 
gent and appropriate computational device, by which the first 
steps in the successive reduction of data to the map-form may 
be short-curcuited’. The formula, spotlights Kosambi as ‘a type 
of the wise who soar but never roam’. 
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11 On the Quantitative C. R. Sankaraft 
and Qualitative 
Definitions of the 
Alpha-P honour 


Introduction 

Our attempt towards defining the ultimate ‘Unit’ of Speech 
(Alpha-Phonoid) has now led us to the problem of building up 
a logical calculus of transformations or meta-rules, 1 bridging 
with the observation records i.e. the “pointer-readings”. 2 

Our task, undoubtedly, is quite arduous. The continuum 
due to Veronese surrenders the limit element of the ‘funda- 
mental series’ of Cantor and the mean value theorem. 3 We must 
join that band of workers who try to build up a newer Mathe- 
matical Analysis. Fresh postulates and a new logical calculus 
have yet to be built up in these investigations towards the 
search of the ultimate ‘Unit’ of Speech (the Alpha-Phonoid). 

I 

I am giving below a theoretical picture of the assumptions, 
conditions and the purpose behind the investigations in the wake 
of an attempt to define Alpha-Phonoid quantitatively. 

* Presented to the Physiology Section of the 56th Session of the 
Indian Science Congress Association, Powai, Bombay, 1969. 

1. Cf. M. Remmel, “On the Alpha-Phonoid (Alpha-Phoneme) Theory,” 
Terminologia Indica 1 : pp. 61-62, Tartu 1967. 

2. I refer the interested readers of this note to my, Towards my scien- 
tific autobiographical notes, Orientalistikakabineti I Aastakollokviumi 
Materjalid. Tartu 1968, pp. 37-39, for a suggested picture of the Alpha- 
Phonoid concept within the framework of modern “Motor Phonetics”. 
See also G. Werner, “An examination of Axiomatization and Infor- 
mation Theory Application in Neurophysiology” ( Journal of Scienti- 
fic and Industrial Research 1959, vol. 18 A, No. 10, p. 467) for the 
relation between the blanket statement and “observational records”. 

3. See C. R. Sankaran, Process of Speech, DCMS 27, 1963, p. 30 
(.DCMS = Deccan College Monograph Series). 
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Assumptions 

1. A change in the time-constant T 4 5 is necessary for any dis- 
crimination (of duration, frequency or intensity). This has 
to be demonstrated both experimentally and mathema- 
tically. 

2. The simultaneous presence of such a change in the time- 
constant of the inner processes and a change in duration, 
frequency or intensity in the outer processes (respectively 
in the neurophysiological and acoustical media) 3 is the basis 
for the inductive postulation of the existence of the Conti- 
nuum due to Veronese in the perceptual processes (apart 
from the deductive postulation of such a continuum in the 
wake of the alpha-phoneme theory). 

Conditions 

1. The Veronesean condition of a non- Archimedean order 
should be fulfilled. 

2. Duration, frequency and intensity should be reducible as a 

4. Cf. Mol and Uhlenbeck, “The analyses of the Phoneme in Distinc- 
tive features and the process of Hearing”, Lingua 4, (1954-55), pp. 
167-193. 

5. Vide our previous discussion on the motivational and activational 
levels respectively in speech-continuum and utterance-continuum. 
C. R. Sankaran and N. K. Patil, “Alpha-Phonoid and Alpha- 
Phoneme”, Phonetica 17 : 15-23 (1967). 

Our ‘motivational’ level corresponds to L. S. Vygotski’s hypothesis 
that the “inner speech, abbreviated in its structure and predicative in 
its function, is an important link between the initial thought and the 
final extended verbal proposition”. 

Vygotski, L. S. : Thought and Language, M.I.T. Press, Cambridge, Mass, 
1962, p. 149. 

See also, Luria, A. R. and Tsvetkova, L. S. : “The Mechanism of ‘Dynamic 
Aphasia’,” Foundations of Language, 4 (1968), pp. 299-300. 

We may here remember too, that Eric H. Leuneberg has observed 
that language readiness is a state of latent language structure and 
language unfolding is a process of actualisation transforming this into 
a realised structure. 

Compare Eric H. Leuneberg, Biological Foundations of Language 
with appendices by Noam Chomsky and Otto Marx. John Wiley and 
Sons, Inc. New York, London, Sydney, 1967. 

A critical review of this work by Sankaran, C. R. and Krishna- 
murthy, K. H. appeared in the Bulletin of Deccan College Research 
Institute. 

We draw also the attention of the interested readers to the paper 
“ ‘Continuity’ in Speech Perception”, by Sankaran, C. R. and Patil, N. K„ 
presented for the Inter-disciplinary Seminar on Linguistics and other 
302 Sciences, 1970 at Annamalai University, Tamil Nadu. 
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result of their bi-unique correspondences, through transfor- 
mation equations in terms of T t , T a and T f . 

3. The time-constant T l should be taken as being equivalent to 
an ‘observer’ and if descriptions of speech or any vibration 
phenomena are made in terms of times t ( = Tt + TaTj + T^...) 
and T by an equation, such an equation should not differ in 
form from a description of the same phenomenon in terms of 
t' and T'. 

4. It should be possible to establish transformational equations 
between, t, T and t', T'. 

5. There will thus be a quantity X which will be an invariant 
for all observers T, T', etc. 

6. Such a derivation should ultimately absorb in itself the 
essentials of the continuum due to Veronese, Robb’s geome- 
try of time and Milne’s relativity and should be equally 
applicable to intermittent and continuous phenomena. 6 

Purpose 

The purpose of the study is to seek the quantity X (Condi- 
tion 5 above) through such a logical calculus; a quantity which 
is representative of the Alpha-Phonoid. 

Thus far is the present attempt towards the theoretical 
formulation in regard to a quantitative definition of the Alpha- 
Phonoid. 

II 

Now I proceed to give also a critique of my qualitative definition 
of the Alpha-Phonoid. 7 The Alpha-Phonoid has been qualitati- 
vely defined as “the minimum duration of a ‘Unit information 
cell’ in the physical stimulus as well as in the neurophysiological 
and psychological responses; the minimum common dura- 
tion of all these three will then serve as the key ‘interval’ for! 
the basic representation of Speech-Structure (the Alpha- 
Phonoid) .” 8 

6. Cf. C. R. Sankaran, “Phonemics of old Tamil”, DCMS 7, 1951, pp. 

2, 9, 28, 29, 30 and 35. 

7. I am indebted to Bjorn Merker of the Lifwynn Foundation, Con- 
necticut, U.S.A. for this critique contained in his letter to me dated 
May 22, 1968. 

8. Cf. i. C. R. Sankaran and L. H. Strong, “A Critique of Experimental 
Techniques, Methods and Analyses in the study of structure in 303 



The conceptual and technical difficulties facing an attempt 
to determine the “ultimate Unit of Speech” as the minimum 
common duration of the physical stimulus, neurophysiological 
and psychological components of the total event seem formidable 
in the present state of the brain sciences, especially as they bear 
on such high level functions as human speech. The lack of func- 
tional-structural clarity in this field is reflected in the sporadic 
and fragmentary attempts at studying the speech process in 
terms of brain function. 

The following are some attempts in recent times : 

So called “command potentials” (averaged evoked poten- 
tials of surface Electro-Encephalograms i.e. EEG preceding 
various voluntary activities) was shown to differ in shape for 
phonemes O, T and P (but not for numerals 2 and 10 or for the 
words “Yes” and “No”) when recorded over the left temporal 
speech area. 9 

The peripheral nervous system involvement in the speech 
process (the orienting reflex, recorded by a new plethysmogra- 
phic technique distinguishing orienting from defensive reaction 
by a vaso-motor criterion) led two Russian workers to postu- 
late a semantic model of word nuclei surrounded by a semantic 
field of words linked to the nucleus by experimental meaning 
relations rather than logical content. 10 

Analysing human behaviour, including verbal behaviour, 
from sound motion pictures allowed two American workers to 
study “Motor Phonetics” with the help of a “basic form of 
‘unit-in-change’ or ‘process unit’ ” by which they were able to 
describe the ‘ ongoing flow of ‘moments-of-sustaining-together’ 
of the body parts” in continual sequences of change. 11 

Speech,” Deccan College Building Centenary and Silver Jubilee 
Series 40 : Poona 1965, pp. 49-50. 

ii. C. R. Sankaran, “Determination of the Ultimate ‘Unit’ of Speech ” 
Phonetica 14: 85 (1966). 

iii. J. Knobloch, Das Sprachwissenschaftiches Worterbuch, Univer- 
sitatsverlag, Carl Winter, Heidelberg, 1961, p. 100. 

See also the paper on the same subject of Sankaran, C. R. in 
Phonetica, Vol. 20, Nos. 2-4 (1969). 

9. Edward W. P. Schafer, “Cortical Activity Preceding Speech ; 
Semantic Specificity”, Nature, 1967, Vol. 216, pp. 1338-1339. 

10. A. R. Luria and O. S. Vinogradova, “An Objective Investigation of 
the Dynamics of Semantic Systems”, British Journal of Psvcholoau 
1959, Vol. 50, No. 2. 

11. W. S. Condon and W. D. Ogston, “A Segmentation of Behavior” 
Journal of Psychiatric Research, 1967, Vol. 5, pp. 221-235. 
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These are the widely different techniques and instrumental 
approaches that are being employed, as Bjorn Merker rightly 
observes, in the objectification of the semantic process and these 
varied techniques and experimental investigations might be 
relevant to the investigation of the Alpha-Phonoid which is 
qualitatively defined as the minimum common duration of the 
physical stimulus as well as the neurophysiological and psycho- 
logical response-components of a total event. 

Bjorn Merker remarks that the abovemen tioned objectifi- 
cations of the semantic process are the surface or overt events of 
the speech-process while the definition of the Alpha-Phonoid 
goes further, as indeed one must, in order to distinguish human 
speech from animal calls so as to include the psychological com- 
ponent at high levels of abstraction and integration. In terms 
of the brain this points to the convergent structures of the lim- 
bic system, which is subcortical and accessible only by implant- 
ed depth electrodes. R. G. Heath has recorded electrical activity 
in limbic structures in humans directly correlated with emotional 
thought and recall, but intracranial recording is not a generally 
applicable technique in humans. 12 

These technical problems are further complicated by the 
theoretical consideration that the information content of a 
stimulus event cannot be defined independently of the nature 
of the information processing and storage capacity, which in 
man is shaped by accumulating ontogenetic experience to 
an unusual degree, resulting in great individual and temporal 
variation. 

The very magnitude of this problem makes it the more 
challenging a task and, therefore, the theoretical formulation of 
the Alpha-Phonoid seems to provide, as Bjorn Merker thinks, 
a provocative perspective within which one may strive to ap- 
proach a solution. The results of any deep experimental investi- 
gation within this perspective might find too an application 
within phylobiology when that baby science, to quote once 
again Bjorn Merker, “reaches the maturity of Speech and con- 
crete manipulations”. 


12. H. Lesse, R. G. Heath, W. A. Mickle, R. R. Monroe and W. H. Miller, 
“Rhinencephalic Activity during Thought”, Journal of Nervous and 
Mental Disease, 1955, 122, pp. 433-440. 
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Biographical and 
Other Reminiscences and 

Tributes 



l rroi. u. u. Jkosamoi : 
A Brief Chronology 
of Major Events 


July 31, 1907 

Born at Kosben, Goa. 

1912-1918 

Early education in New English School, 
Poona. 

1918-1925 

Studied at Cambridge Grammar School and 
Latin High School, Cambridge, Mass., U.S.A. 

1925-1929 

Studied at Harvard University. Graduated 
with S.B. ‘Suvnmck cum Laude’ and ‘Phi-Beta- 

> !■ t ‘ ■ 

1929-1937 

Kappa’ membership. 

On the staff of Benares Hindu University. 

1930 

First published paper on scientific subject 
“Processions of an Elliptical Orbit” in Indian 
Journal of Physics. 

May 7, 1931 

Married Nalini Madgavkar, Bombay. 

1931-1932 

On the Staff of Aligarh Muslim University. 

1932 

Papers first published in French and 
German. 

1933 

On the staff of Fergusson College, Poona. 

November 10, 

1935 First daughter born (now Mrs. Sarkar in 
Sweden) . 


April 24, 1939 


Second daughter (Meera) born. She has had 
a very brilliant academic career, both in 
India and in Sweden. 


1947 


Joined the Tata Institute of Fundamental Re- 
search (Mathematics Department) , Bombay. 


1956 Introduction to the Study of Indian History 
published by Popular Book Depot, Bombay. 

1957 Exasperating Essays published by People’s 
Book House, Poona. 

August 26, 1960 Grand-daughter (Nandita) was born. 

1962 Myth and Reality : Studies in the Formation 

of Indian Culture published by Popular Pra- 
kashan, Bombay. 

1962 Retired from the Tata Institute of Funda- 

mental Research, Bombay. 

1965 The Culture and Civilisation of Ancient 

India in Historical Outline published by 
Routledge & Kegan Paul, London. 

1965 Scientist Emeritus conferred by Council of 

Scientific and Industrial Research, 

New Delhi. 

June 29, 1966 Passed away in sleep at Poona. 
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Professor Damodar Dharmanand Kosambi, died in his sleep 
in his Poona home on June 29, 1966, just a month or so before 
he would have been 59 years old on 31 July. That is how a man 
like him deserved to die, without pain and suffering, for he had 
known both in his lifetime and stood for their elimination, not 
infliction. 

He inherited his passion for learning and humanism from his 
father, Professor Dharmanand Kosambi, a venerable scholar and 
research worker, who devoted his life to the study of the teach- 
ings and philosophy of the Buddha, India’s first gift to the world, 
and taught at Harvard University in the U.S.A. — quite an 
achievement for both teacher and University in those days. 

This explains why the younger Kosambi, known as ‘Baba’ to 
his friends, went to the U.S.A. at an early age, joined the Cam- 
bridge Grammar School, later attended the Latin High School, 
and finally Harvard University, from where he graduated in 1929 
with S.B., “Summa Cum Laude”, also winning a “Phi-Beta- 
Kappa” membership. 

Baba had a curious attitude about pictures of himself and 
would not let them get around. He felt so strongly about this 
that he would not give a photograph of his to his class album. 

He remarked to his friend at one time that he had two counts 
against himself, a brown skin and a “Jewish” nose. His friends 
suspected that he was so angry at U.S. prejudices along these 
two lines, that he would not let U.S. students get his pictures 
in an album. 

His versatile and enquiring mind started to reveal itself early. 

For some reason or other he spent about a year or so in India 
before entering Harvard, studying differential equations. As a 
hobby, Baba worked out the usual problems of ballistics, tracing 311 




the path of a bullet not only as influenced by gravity but also 
with elaborate corrections for air resistance — this before his 
freshman year. He spent a considerable time firing a rifle and 
checking up on his equations. At Harvard he registered for 
sophomore physics and went into the laboratory. One of the 
first experiments required of him was to fire a bullet into a 
ballistic pendulum and to work out the velocity of the bullet 
from the pendulum swing. The young laboratory assistant 
came round with the gratuitous advice that “you should use 
conservation of energy, equating the initial kinetic energy of the 
bullet with the sum of the change of potential energy of the 
pendulum and bullet”. Baba was horrified and politely remark- 
ed that he was afraid he had misunderstood him and would he 
mind repeating it. He did and Baba said “Oh” and walked out 
of the Lab, thereby dropping the course (and getting an F for it). 
He had felt he had nothing to learn from such a fellow. He was 
the only student ever to make both an F and a “Summa Cum 
Laude”. 

One spring after the grades came out, Baba dropped into a 
friend’s room, quite upset. He had had a letter from his father 
saying that he was obviously wasting his time or else he would 
have done better than 3 A’s and a B, and that, if he was not 
going to work, he had better come back to India. He thought 
he would take a summer school course and “show him”. A 
course in Italian was considered worth while. As usual in a 
first course, the instructor assigned a choice of reading three out 
of five student-use shortened versions of full books. Baba hunted 
up the five full Italian editions and also Mussolini’s Autobio- 
graphy, all of which he read through. At the end of the course 
he received a note from the instructor, giving him an A plus, 
with the remark that it was the first time he had ever found it 
necessary to give such a grade. The note was duly relayed to 
his father in India. 

At one time a friend of Baba’s was taking a course in Quantum 
Theory, and it came to the point of derivation of Bohr’s spec- 
trum rules. The instructor assigned an article explaining 
Einstein’s derivation. He looked up Einstein’s paper in the 
German original and found it very clear, although the “explana- 
tion” &f his article by another writer, was confusing. He remark- 
ed to Baba about Einstein’s article and was astonished to find 
that although he was a student of mathematics (not physics), 
he could remember details from Einstein’s paper and knew of 
subsequent more elaborate papers. 

312 Baba’s ideal in the mathematics department was George 


Birkhoff (not the son Garet). As an undergraduate he took one 
or more “Research” seminars — private courses from Birkhoff, 
probably on the M-body problems. His forte, though, pointing 
towards later accomplishments, lay in his remarkable diversity 
—his father backed him up in this, saying his speciality was all 
right, but that if he wanted to go afield, by all means to do so. 
Hence, we suppose, his later interest in Indology, etc. Baba and 
Norbert Wiener were of course friends of very long standing, 
and the two of them were the most versatile persons ever to be 
encountered. 

On the personal side, during his student days, Baba was much 
the same as in later years, full of fun and humour. He was 
particularly loyal to his old Cambridge Latin High School friends 
and those around the Cambridge Central Square YMCA. He 
frequently ate supper in the YMCA Cafetaria and in a little cheap 
restaurant at Central Square rather than around Harvard Square. 
His friend and he often went to a movie at Durrel-Hall, the 
YMCA movie theatre, where they liked the relaxation of the 
sillier “Westerns”, with the old piano player who was not always 
synchronised. Baba also went swimming at the YMCA and 
worked out in the Gymnasium. In later years when he revisited 
the U.S.A. to look into computer problems Baba dropped in on 
the YMCA, and his old friends were so tickled to see him that 
they made up a party, and took him to supper and to the 
“Icecapades” at the “Boston Garden”. 

Baba used to room with his father in a beautiful room on the 
first floor of a rooming house at 10-Trowbridge Street. When 
hls father returned to India from teaching at Harvard, Baba 
moved up to one of four unheated rooms on the top floor at 
$ 4/- per week, about the cheapest in Cambridge. When his 
friend met Baba again at South Station after he had been many 
years in India, he was afraid to see him changed and older 
Instead he arrived with a huge knapsack on his back, vigorous 
and fun-loving as ever. 

^out Italian studies, in those days during 
the Fall season a student was in his room one night after his 
Italian Summer course. Apparently in the second half of the 
summer Baba read Dante by himself. Baba was asked who the 
student was, and he answered — “Oh, he was a young Italian stu- 
dent and I was giving him advice on his Doctorate thesis, on 
Dante . This was sophomorish, his friend thought, but he had 
confidence that it was good advice. 

Baba specialised in pure and applied mathematics (Tensor 
Analysis, Probability), theoretical and applied statistics (includ- 
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ing work on the Indian population problem), and in these his 
reputation was unchallenged. He won the first award of the 
Ramanujan Memorial Prize in 1934 and a special Bhabha Prize 
in 1947. Baba was UNESCO Fellow to the U.S.A. and the U.K. 
for electronic calculating machine research in 1948-49, Visiting 
Professor (Geometry) at Chicago in the winter term of 1949, and 
guest of the Institute for Advanced Study, Princeton, in 1949, 
where the main work covered several technical discussions with 
Einstein on his unified field theory and with O. Veblen on tensor 
analysis. Many invitations from abroad followed, but not all 
could be accepted. Among those accepted, however, was a 
personal invitation from the Soviet Academy of Sciences, in 1955, 
to lecture, and to attend their first conference for the peaceful 
uses of atomic energy, and a personal invitation from the 
Academia Sinica, Peking, to suggest statistical methods for the 
forecasting of Chinese food-crops, and quality control in industry 
(these suggestions were discussed separately by Kuo Mo-Jo and 
Chou En-lai with Baba in person, and approved, but the results 
are not known). 

Sanskrit text study by Baba ranged from the search for manu- 
scripts to publication. Chief among them were: A. Principal 
editions of Bhartrhari’s Satakas, admitted to be the best of their 
sort, and as having added considerably to methods of Indian 
textual criticism. B. A recent edition published by the Harvard 
Oriental Series, of the oldest discoverable Sanskrit anthology, 
the Subhasitaratnakosa of Vidyakara. Baba was engaged in a 
standard translation of the Arthasastra, on which his studies 
showed him to be the leading authority. 

Indian history and culture claimed his thorough attention too. 
Baba’s Introduction to the Study of Indian History received 
lengthy and favourable reviews abroad in the Journal of the 
American Oriental Society and the Bulletin of the School of 
Oriental and African Studies (of the University of London), not 
to mention others, and is supposed to mark a new stage in Indian 
historiography. To write it, he did pioneer work in archaeology 
and ethnography, showing that written sources would not suffice. 
He did not conceal his reliance on dialectical materialism as a 
methodology of study and interpretation, though on many issues 
he widely differed from “official Marxists”, as he used to call 
them — whether of the Russian, Chinese or indigenous variety. 

As an Indologist, Baba was invited by the University of 
London (under the sponsorship of the British Council and the 
London School of Oriental Studies), and had a special invitation 
to attend the next International Congress"of Orientalists. These 


were unsolicited, and his research bibliography listed over a 
hundred titles of original papers. 

Baba guided the archaeological club of the National Defence 
Academy at Khadakvasla at the request of its first Commandant, 
Major-General E. B. Habibullah, who said later that he had 
taught them all how to do field work, to observe how to appre- 
ciate the common people’s way of life. The cadets would be 
better citizens and officers for it, and would be closer to the 
people. 

The investigation of trade-routes for the history book led Baba 
to suggest to the Government of the then Bombay State that 
the expensive funicular proposed for Nanaghat would only be a 
useless bottleneck. A motorable all-weather road could be 
made quite economically down the next pass to the north. This 
would have given the central link in a system of three trunk 
roads that would have developed the entire Maharashtra- 
Vidarbha section of Bombay State. The saving would have 
been at least Rs. 15 lakhs, not to speak of the profit, stimulus to 
trade, and communications, etc. The suggestion was not based 
on book-reading and maps alone but on extensive (and expen- 
sive) trips on foot, by jeep, car, or through the wildest country. 

By concentrating the anti-typhoid work about three weeks 
before the onset of the monsoon, it was estimated that about 
500 lives could be saved annually in Bombay city alone, as fol- 
lowed from Baba’s work on the seasonal death-rate. The City 
medical section took this up immediately. 

The construction of dams was being undertaken on arbitrary 
principles. If too large, the cost rises; if too small, there is 
every chance of the supply failing every few years. Statistical 
methods originally suggested by Baba to competent engineers 
have now been adopted by the 5-year plan committee as the 
basis for location and size of dams. Earlier, there had been ex- 
pensive arguments (without valid basis on either side) on this 
question. 

In the years just before his death, as Emeritus Scientist of the 
Council of Scientific and Industrial Research, Baba was engaged 
in extensive field work which led to his rediscovery of neolithic 
routes, Buddhist caves, and old inscriptions. He was hoping it 
would lead to further discoveries of manuscripts in Nepal, Raj- 
putana and generally in inaccessible parts of India. He was 
anxious to see that the search for Sanskrit manuscripts, which 
was only being talked about, was undertaken very soon, before 
the material was destroyed or damaged beyond recovery. 

Baba served at the Tata Institute of Fundamental Research as 315 
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Senior Mathematician from its inception in 1945-46 to 1962. 
When his service came to an end, he could have emigrated but 
disliked the prospect as he believed that his roots were in India, 
and that he could not work out Sanskrit text-study and Indian 
history as well elsewhere. He was accused of neglecting mathe- 
matics and of being an amateur Indologist, but that was not the 
opinion of world experts. Just before his death he was said to 
have completed and posted to his publishers the manuscript of 
his last work on Prime Numbers, on which he had been work- 
ing for several years and which could well have led to breaking 
new ground in Pure Mathematics. A versatile linguist, Baba 
knew several Indian and European languages, had a fine library 
which needs to be protected and utilised, and a good collection 
of microliths and megaliths. He loved his dog Catya and later 
Bonzo and they went out for long walks together. 

Published volumes of Baba’s works include Exasperating 
Essays, Myth and Reality in which he deromanticised the 
Bhagavad-Gita, and The Culture and Civilisation of Ancient India 
in Historical Outline. But what was he like as a man? 

He could be difficult, arrogant, sharp, blunt, aggressive, un- 
compromising, but also very gentle, with a breezy personality. 
He applied exacting standards to himself and wanted to extend it 
to others, but this does not work. There was no false modesty 
about him, yet he did not lack the essence of true humility. He 
believed in calling a spade a spade, which often got him into 
plenty of trouble, but he was not vindictive. He was relentless 
in his search for truth and no armchair scholar, as he believed 
in hard field work, which meant trudging long hours under the 
blazing sun, looking for archaeological finds or primitive survi- 
vals, to fill the gaps in recorded history. 

Although the window of his mind was wide open, he could be 
dogmatic and intolerant, sometimes one-sided, with a tendency 
to put ideas into water-tight compartments. But he had an en- 
cyclopaedic, precise mind, with a flair for original research, 
which kept extending the boundaries of knowledge. Hence the 
importance he attached to methodology, yet at times the metho- 
dology tended to become an end rather than the means. 

Baba did not know how to relax, he was a tireless worker, 
talker, questioner. He was more exhausting than exhausted but 
listening to him was a rewarding, stimulating experience, even 
if one did not always get a chance of being listened to. He 
never lost his trace of an American accent, but that is where 
the resemblance ended. His only relaxation used to be a weekly 
Chinese lunch with his friends in Bombay, including visiting 


friends, which he used to enjoy immensely and look forward to 
with youthful enthusiasm. He spoke fast and swallowed his 
words, because his mind moved faster and it was not easy to 
keep up with him. He did not suffer fools and humbugs gladly, 
but had a devastating sense of humour which spared nobody, 
not even himself. Once, at the Tata Institute of Fundamental 
Research, he introduced an eminent but portly visitor with the 
words — “Meet the expanding universe in person”. A friend 
could take liberties with him, but if anyone else did, there was 
immediate trouble. He was no respecter of persons, but his 
own respect could be won and held. He tended to bully, but 
could also be bullied by affection and trust. He made enemies 
faster than friends, but he was loveable to his friends and a real 
friend in need who put himself out no end. 

As an individual, he had the courage of his convictions and a 
high standard of integrity, was intensely human, with natural 
compassion for the fellow human being, especially for the 
underdog, but with no patience for the callous, the insensitive, 
the selfish and the unscrupulous. From the way he used to talk 
of his two daughters and they talked of him, he must have been 
a loving father, and I know what a good son and brother he was, 
never sparing himself. He was a strong individualist and much 
better working on his own than with other people. In his 
character and intellectual power, in his child-like quality and 
absence of childishness, he was outstanding. He was not known 
for his tact nor for his manners, yet he could be more concerned 
and considerate than most people. He made it easy to believe 
in him when it was so much easier to be let down, and was meti- 
culous in meeting his obligations. 

There was nothing in the world that did not interest Baba, 
yet perhaps a greater feeling for the creative arts could have 
softened some of the sharper angularities of his dominant, 
vibrant, human personality. He was friendly with everyone on 
the Deccan Queen, on which he travelled daily between Poona 
and Bombay and sometimes did his work. He suffered for his 
political convictions because he did not take the trouble to hide 
them, and it pained him to find scholarship being judged by 
political instead of academic standards. Baba was incorruptible 
and put principles above personalities, may be that is why the 
personalities were not too kind to him. It is left to posterity 
to do justice to his memory in a worthy manner. 
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Harvard Days 


One’s life pattern can often be foretold from early days and 
so some idea of Professor Kosambi’s college years may be of 
interest to those who had the pleasure of knowing him in India. 
The writer has never been able to visit India, though it was for 
a long time his dream to work there. When Professor Kosambi 
visited the United States in 1948 it was a pleasure to find him 
the same “Baba” that was known to us in Cambridge twenty 
years earlier. 

Baba’s father (also a Professor Kosambi) was on the Harvard 
faculty for several years and during that time the son attended 
the Cambridge public schools and became a well-rooted mem- 
ber of the “town.” Although of course not a Christian he was 
very fond of the people around the Central Square Young Men’s 
Christian Association, many of them his schoolmates, and regu- 
larly used its gymnasium, cafeteria, and movie house in prefer- 
ence to Harvard Square institutions. There is always a certain 
tension between the allegedly wealthy students of the “gown” 
community and the children of factory and office workers, the 
“town.” Baba belonged to both camps but was perhaps most 
at home in the “town.” 

Years later when Baba visited Cambridge he looked up his 
old friends at the “Y” and he was deeply touched when a group 
of them formed an evening party for him and took him to see 
the “Icecapades.” This was I suspect a greater honor and 
pleasure to him than almost anything else he received. It was 
a recognition that he was one of the Cambridge people. 

From 1928-1930 Baba was one of four of us living in unheated 
rooms in the top floor garret of a Cambridge rooming house, 
10 Trowbridge Street. Baba’s room was at the top of the stair- 
way with a sloping ceiling and single window, overlooking the 


backyards of apartment houses. The only decoration I remem- 
ber was a photograph of Gandhi whom he deeply revered. The 
room was lined with book-shelves filled with the widest imagin- 
able variety of things. I recall Allgemeine Sprachenkunde (a 
book on linguistics), copies of the Bible in Latin, Greek, German, 
and other languages (which he liked to compare as language 
practice), a large number of paperbacks of French, Italian, and 
German literature, as well as books in Indie languages, and of 
course scientific books, mostly in German. 

A little story is worth telling about his interest in languages. 
One spring he received a letter from his father (now back in 
India) complaining that Baba had only received 3 A’s and a B. 
He suggested that if he didn’t do better he was wasting his time 
and perhaps should return to India. Now for any ordinary 
person 3 A’s and a B was an enviable record but not for the 
elder Kosambi. Baba was terribly upset and decided to remedy 
things. He had never studied Italian and decided to take the 
elementary course in summer school. He was required to read 
selections from a choice of two of four student editions of 
Italian literature. Instead he acquired all four full-length ver- 
sions and studied them thoroughly. At the end of the course 
he received a note from the instructor saying that this was the 
first time in his career as a professor that he’d had to give the 
grade of “A+”. The note was duly sent back to India without 
comment. One evening that fall I noticed Baba in animated 
conversation with a student in his room and later asked him 
about it. “Oh, he was working on his doctorate thesis on Dante 
and I was advising him about it.” 

On the other hand, I was taking a graduate course in atomic 
physics and in connection with it commented to Baba on a rela- 
tively obscure article by Einstein on the Bohr atom that I’d read 
in a German periodical. Baba was a math-student and had not 
taken even the sophomore course in physics. Much to my sur- 
prise he was not only thoroughly familiar with the Einstein 
paper but referred me to other Einstein work on related topics. 

As an undergraduate Baba took a so-called “20” course of 
personalized student research from the late Professor George 
Birkhoff and worked on the multi-body problem. Kosambi held 
Birkhoff most highly among his teachers and was bothered that 
Birkhoff urged him to spend a larger proportion of his time on 
mathematics. When asked for advice his father backed Baba 
up saying he was pleased to see him develop the widest possible 
interests. 

On the personal side, Baba was a fine companion going on 
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long walks along the Charles River bank in a region that was 
then in a wild state or eating in the cheap little restaurants in 
the “town” regions of Cambridge. After the stress of an exam 
period we liked to go to the YMCA movie house and see a 
Hoot Gibson western as a piece of comic relief, or the four of 
us would play a raucous and jollying style of bridge, more ban- 
ter than game. Perhaps the most innocuous, insipid reading of 
the time was in the mass-circulation Saturday Evening Post , and 
at times Baba would like to relax with it at his stall in the 
Widener Library, of all places. To be sure, Hoot Gibson was 
diluted with, for instance, Fritz Leiber’s Shakespeare, Alexander 
Moisei’s version of “Das Lebende Leichnam,” “The End of St. 
Petersburg,” the Harvard-Radcliffe Christmas carols. When the 
Boston Symphony was in Cambridge, Baba could be found 
waiting on line for the 25-cent seats in a little balcony high over 
the stage. 

From the time Baba left Cambridge we were out of touch for 
about ten years, when I happened to notice an American maga- 
zine article by him giving his address and we opened a long and 
frequent correspondence until a short time before his death. It 
was also a pleasure to establish friendship with two of his stu- 
dents, one of them his nephew, so I felt a greater sense of near- 
ness to him than would otherwise have been the case at such a 
distance. 

In 1948 I received word from him that he was coming on a 
visit to the United States on behalf of the* Indian government. 
It was with a slight misgiving that I went to meet him at South 
Station. By then we were middle-aged. Would he after all 
prove somewhat pompous and on his dignity dressed in finery 
and staying at fashionable hotels? . It was with intense pleasure 
that I saw the old Baba with superb physique striding up the 
platform in a simple business suit and carrying an enormous 
canvas knapsack strapped to his back! We spent long hours dis- 
cussing the past and the ills of the world. On Christmas Eve 
he helped my children decorate the Christmas tree— his first 
experience with that particular job. 

During his student days one of his close associates was young 
Wiener,” son of his father’s colleague, Leo Wiener. By the time 
Kosambi returned, young Wiener had become the international 
celebrity, Professor Norbert Wiener of M.I.T., who in those days 
spent many hours in my Tech office flopped m an easy chair 
talking about Cybernetics, radio engineering, Norbert’s own 
science-fiction attempts, world politics, the BOMB, or perhaps 
the prices of motels or the dialects of my family’s native island of 


Menorca. When they met again Professor Wiener greeted him 
with “Welcome, wise man from the East” — Professor Kosambi 
replied, “No, a wise-guy from Cambridge.” I suppose I may be 
one of the few people who was close to both of these men. 
Except for physique they were strikingly similar. Both had 
interests as wide as the world. Both were professional mathe- 
maticians. Although I am not at all competent to judge their 
professional achievements, as people they impressed me as being 
quite similar in intellect and ability. Both had been friendly 
with fellow students from China and maintained life-long inter- 
ests in that country. Both were authorities on scientific and cul- 
tural affairs entirely outside of their mathematical specialities. 
Both were outspoken critics of war and social injustice, attitudes 
that were not always appreciated. Amusingly enough, both 
were astonishing linguists. They had a fine sense of humor and 
of the ridiculous, and for all their complex natures both had 
kept simple homely touqhes and love of people, Norbert of the 
newsboys of Mexico City and Baba of his Cambridge “town” 
friends. The world is the poorer for the death of these two men. 
Let’s hope the students they have left behind will carry on their 
work and ideals. 


Reminiscences about 
Prof. D. D. Kosambi 


My first meeting with Prof. Damodar D. Kosambi was during 
October 1919 at Cambridge, Mass., USA, where he was a young 
student of the local Grammar School. He was staying with his 
father, Prof. Dharmanand Kosambi who was carrying on some 
special work on the Visuddhimagga of Buddha-ghosa, the 
ancient Buddhist scholar, under the auspices of the Department 
of Oriental Studies at the Harvard University. D. D. Kosambi 
was about twelve years of age at that time and showed signs 
of a bright and keen intellect. I had gone to the Massachusetts 
Institute of Technology for post-graduate studies in Electro- 
technology and the application of electric power for Electro- 
Chemical and Electrometallurgical industries. I was introduced 
to Prof. Dharmanand Kosambi through Prof. Comfort A. Adams, 
the well-known Professor of Electrical Engineering at the 
Harvard University. 

Young D. D. Kosambi used to ask me questions on various 
topics of scientific interest and also on sports and athletics 
whenever he happened to meet me. As he was a “Boy-Scout” 
in the Cambridge branch of “Boy-Scouts of America” and as I 
was also taking part in their Scout activities as a Scout-Master 
from Bangalore (India), I used to meet D. D. Kosambi in Scout 
meetings and in Scout camps on the country side. Swimming, 
hiking and exercises in the YMCA gymnasium as well as skat- 
ing in winter time used to interest him to a great extent. In 
general he used to like outdoor life and developed a very good 
physique. He mixed with his fellow students and due to his 
very good record in studies and sports and athletics he became 
very popular with them. After a brilliant record in the 
Grammar-School he joined the Latin High School at Cambridge 
for his secondary education, and kept up his keen interest in 
mathematics and science. After completing his secondary school 


education he entered the Harvard University for college studies, 
with a view to qualifying for the engineering profession. 

After 1922 his father returned to India and made suitable 
arrangements for his son to complete his college education at 
Harvard University. Young Kosambi seems to have preferred 
to study mathematics instead of engineering and pursued his 
studies accordingly under Prof. Birkhoff of the Faculty of 
Mathematics. During the latter part of 1924 he came back to 
India to see his mother whom he had not seen for about six 
years. Incidentally he visited his uncle and ether close relatives 
in Goa. He took a keen interest in the development of the 
ancestral farm lands of his father and also in the future possi- 
bilities of exploiting the mineral resources of Goa and harness- 
ing the water power at Dudhsagar Falls in Goa near Castle-rock. 
He got acquainted with the work that his father was carrying 
out at the “Puratatva-Mandir” of Gujarat Vidyapeeth which was 
being organised under the guidance of Mahatma Gandhi on the 
outskirts of Ahmedabad near the then famous Sabarmati Ashram 
He got acquainted with Acharya J. B. Kripalani who was the 
Principal of Gujarat Vidyapeeth, and with Muni Jinavijayaji, 
a Jain Guru who was also associated with Puratatva Mandir 
and was a close friend of Dharmanand Kosambi. Besides these 
cultural contacts, D. D. Kosambi spent some time hunting in the 
jungles of Goa and the Deccan plateaus. 

As he was in India for a few months his father wanted to 
ascertain the possibilities of his completing his under-graduate ’ 
studies m the University of Mysore or Bombay, and then go back 
to Harvard for post-graduate work. But due to the rigid regu- 
lations of the Indian Universities at that time which did not 
provide for the transfer of undergraduate students from USA to 
the corresponding courses of study in India, young Kosambi had 
to return to Harvard to resume his studies. However, the short 
stay in India at this juncture was very useful to him to get ac- 
quainted with the state of agricultural and industrial develop- 
ments in India and to re-orient his mind and temperament and 
to develop an outlook that put him in a better position to serve 
the people of India. 
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h great distinction and graduated with high distinction— 
Summa Cum Laude” and was elected to the fraternity of “Phi- 

v. at Harvard University. Besides his professor 
Dr Birkhoff he was in contact with other distinguished mathe- 
maticians like Prof. Dr. Norbert Wiener of M.I.T. of Cybernetics 
fame, and his other colleagues at M.I.T. and Harvard. During 
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the latter part of his stay at Harvard his father was again called 
by Dr. Woods of the Oriental section of Harvard in order to 
complete the special work of editing the Visuddhimagga of 
Buddha-ghosa. This was a very welcome reunion for both father 
and son and they made the best use of it for each other’s profes- 
sional studies. Young Kosambi kept up his interest in physical 
culture including swimming, rowing and exercises in the 
gymnasium and also scouting as well as long-distance hiking. He 
returned to India in 1929-30 after the return of his father in the 
previous year. Before looking out for a suitable teaching posi- 
tion he stayed with me for a short while in Bangalore. On my 
suggestion he explored the possibilities of securing a position in 
the University of Calcutta and Benaras Hindu University where 
he could meet several friends of his father. In the meantime 
I learnt about a position advertised for the faculty of Mathe- 
matics at the Benaras Hindu University and advised Kosambi to 
contact them. He was offered the position immediately which 
was suitable for his qualifications. Thus began his brilliant 
career as an able professor of Mathematics. He made his mark 
there and built up a school of advanced studies in Mathematics. 
A group of brilliant students took up research under his guid- 
ance and contributed much to the developments in mathematics 
in India. Later on Prof. D. D. Kosambi was invited by the 
Aligarh University to their Faculty of Mathematics as the Head 
of their Mathematics Department. Here also he applied himself 
with the same keen and active spirit and made very valuable 
contributions in higher mathematics. Due to his keenness for 
scientific work and a cosmopolitan outlook on University educa- 
tion and Campus life, Prof. Kosambi became very popular among 
his colleagues and his students. The Vice-Chancellors of both 
the Universities highly appreciated his work and were very 
reluctant to let him leave them. 

There was a call for Prof. Kosambi from the Fergusson College 
at Poona where his father was a Professor of Pali several years 
ago before he was called to the Harvard University in the USA. 
Here again he was very successful in raising the level of teach- 
ing mathematics to the highest standards. While here, he came 
into contact with a wider sphere of Mathematics as he got into 
close touch with the Indian Mathematical Society which includ- 
ed very eminent mathematicians from the Universities of 
Bombay, Mysore, Madras and Calcutta. He was called to serve 
on the Board of Studies in Mathematics of the different Univer- 
sities of India. He also took part in Extra-Curricular activities 
in Poona by way of welfare works among the rural populations 


near Poona and outskirts. He developed interest in the study 
of Indian History as ascertained from archaelogical discoveries 
and ancient coins. 

About the middle of 1943-44 Prof. Kosambi was invited by 
Prof. H. J. Bhabha to take up the Chair of Mathematics at the 
newly established “Tata Institute of Fundamental Research” at 
Bombay. Here he found a much wider field for mathematics as 
it had a very important contribution to make in the researches 
in Atomic energy in India. He had a number of workers keenly 
interested in the mathematical developments which concerned 
the latest methods of solving intricate problems in nuclear 
physics and atomic energy. During his association with the Tata 
Institute of Fundamental Research Prof. Kosambi stayed with 
me as I happened to be associated with the Hydro-electric deve- 
lopments in Bombay state. For some time in the earlier days he 
used to commute daily from Poona to Bombay. But as this 
proved to be very tiresome he stayed with us for five years dur- 
ing five days in the week and went to Poona over week-ends, as 
Mrs. Kosambi and their children were staying at Poona. This 
system was rather strenuous for him and it must have adversely 
affected his health to some extent. 

During these years Prof. Kosambi took a keen interest in the 
activities of the Council for Peace of the World. On their behalf 
he undertook several visits to Europe (Western and Eastern) as 
well as to USSR and China. In the Mathematical field many of 
his papers were published in reputed journals abroad. In 1948- 
49 he was invited as an Exchange-Professor by the University 
of Illinois, USA at Chicago for an academic year and his work 
there was well appreciated. He was also invited by the Institute 
for Advanced Studies at the Princeton University for about two 
months. Here he had a few important conferences with Prof. 
Albert Einstein regarding his latest work on “Relativity.” He 
renewed his contacts with his former colleagues and friends at 
the Harvard University. Although he enjoyed his academical 
work at these seats of learning, he was somewhat disappointed 
with the steady deterioration of the cultural life in USA caused 
by the Second World War and the lack of appreciation for real 
values of life in general. He observed the conflict between 
liberal ideas of socialism and liberalism on the one hand with 
the conservatism of capitalists or diehards on the other hand. 
His work at the University of Illinois was so well appreciated 
that he was invited by the Harvard University to take up an 
important teaching and research assignment at their faculty of 
mathematics. But as he had to resume his work at the Tata 
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Institute of Fundamental Research, Bombay, he politely declined 
the offer with regrets. 

Another venue of his activities was at the Bhandarkar Oriental 
Research Institute in Poona, where he associated with some 
well-known Sanskrit scholars and Vidwans. Here he edited the 
works of Bhartrhari and later published Vidyakara’s Subhasita- 
ratnakosa in the Harvard Oriental Series. The authorities of 
the British Council who had opened a chain of modem libraries 
in India arranged for a series of lectures by him on Indian 
History and Culture at some educational centres in England, 
which were very much appreciated. While in London he renew- 
ed his contacts with his cultural friends there among whom may 
be mentioned Prof. Bernal of the Physics faculty of Birkbeck 
College. During recent years he had planned another visit to 
Europe in connection with his researches in mathematics. But 
as ill-luck would have it, he could not carry out this plan of his. 
His former colleagues and students have highly appreciated his 
works as a brilliant mathematician and a research worker of 
high calibre. 
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Kosambl through 
History 


There are some persons who when they walk across the stage 
of life leave something of an aura, a presence, for which those 
who have the good fortune of being in their proximity are the 
richer for it. D. D. Kosambi was one such rare individual who 
strode across the great screen of human wisdom in all too rapid 
strides. Being an amateur archaeologist myself, I had been look- 
ing for some wise man in Poona, which is full of wise and simple 
men by long tradition. I was given several names but most 
people spoke specially of Kosambi and Sankalia. It was, there- 
fore, by the rarest good fortune that a very good friend in 
Bombay turned out to be so good a friend of the Professor that 
he offered to bring us together. I like to think that Kosambi 
was also aware of my existence before that date, for, from the 
first moment of otir meeting we became the best of friends and 
our friendship grew. He was said not to be an easy person to 
geton wdh; but that was, probably because, though he could 
suffer fools to some extent, the humbugs he could not for a 
single moment. He had a rich vocabulaiy which he could make 
use of with his Harvard American twang! 

I did not waste time in seeking his help to found an archae- 
ological Society in the ‘hobbies’ section of the National Defence 
Academy. Nor did Kosambi hesitate in taking on the job. I 
had been told he might hum and haw; to my joy he did not. 
From then on I cannot say whether the Chief Instructor (Army) 
or I was his more ardent student. Being the more senior, I left 
a good deal of the detailed follow up to Colonel ‘Monty’ Kee, 
as Irish as an Irishman could be, for whom Kosambi developed 
a great liking. Between us and under his guidance we soon had 
a thriving society with a band of real young enthusiasts. The 
first thing we did was to establish an archaeological museum to 


which he gave some very rare microliths. So magnetic was 
Kosambi’s personality that we had to limit the number of 
volunteers who flocked to him. It was a pleasure to watch the 
flame of knowledge kindle and grow in these young minds; 
hypnotised by the sincerity, the wit and the sharpness of the 
Professor’s genius. “See that step-like effect there. That is a 
sign of early cultivation before ploughs were used” he would 
say as though everything was obvious. “Look at that hill with 
a lone tree on it. I am sure you will find pre-historic remains 
of worship there” or “Do you know Junagad means old, i.e. 
‘JIma’ Nagar?” or “Oh yes, that inscription is in ‘Brahmi’ script, 
it must be such and such period which is confirmed by the use 
of this letter. This sort of letter is not found after such and such 
date.” 

When he was in the field his eyes worked like those of a hawk. 
The most ordinary chips, rocks, ruins or carvings would have a 
meaning. He could as easily and quickly reject too the bogus 
or imitation. An ordinary annual festival at the temple near 
the Karla caves led to his discovery of a very ancient rite per- 
formed, before the Kolis took to fishing. He followed it up by 
showing how a goddess there being married to a god in the 
interior, had an old trade route significance. “Therefore,” he 
said, “this is such and such place, mentioned in such and such 
writing in such and such century.” There was never a doubt, 
for he would sum up facts and use them so very clearly and 
conclusively that there was never room for doubt. 

Kosambi’s father was a great student of Buddhist life and 
culture. This study the son had developed in great measure, 
and his economic theory on the situation of cave colonies proved 
to be fantastically accurate. He discounted the theory that caves 
were situated “away from the madding crowd’l In fact he 
said, their location depended on (a) proximity to trade routes, 
(b) halting places of caravans or pack trains. “Therefore” he 
said “they should be a day’s march (or measurable by days 
marches) apart, which should be between fifteen or twenty 
miles.” Projecting his theory we marched towards a group of 
caves near the sea at Kuda. To our amazement, we came upon 
a huge group at Karsambla lost in a forest at the foot of the 
Western Ghats below Bhaja. These had once been recorded in 
the 1880s in some official files as “probable”; but no one knew 
of their context or extent. In rummaging, through the ruins we 
found evidence of frescos and decorations that must have made 
Ajanta look provincial. We found Brahmi inscriptions of which 
328 he made us take plaster casts. As we proceeded he explained 


that being exposed to weather they had deteriorated all the 
more rapidly. Fifteen miles into the plain, there was a hamlet 
with roads leading to four important ancient areas including 
two important passes up the Ghat. Two marches away was 
Kuda itself! 

His mind was always active, always probing and almost always 
original. His independence in thinking brought him face to face 
with many an intellectual giant; but nothing daunted him; for 
his intellect too was gigantic, unique. He had the most amazing 
tenacity and, so single minded a sense of dedication, that his 
own physical wants rarely stood in the way of his true and scien- 
tific approach. Yet his family life was traditional, warm and 
close. His house is a typical Maharashtrian middle class dwel- 
ling, filled with rare books. A glance at his well stocked shelves 
shows the versatility of the mind that dwelt in the Professor’s 
physical frame. I was taken aback to see in a foot note, that 
he had provided the most vital missing link in the historian 
Robert Graves’ researches on the life of Christ: Kosambi had 
translated some rare Sanskrit documents which had been depo- 
sited in the Srinagar Fort since their removal from Tibet by 
Zorawar Singh. Robert Graves quotes with respect and without 
hesitation the interpretation of these documents which prove the 
presence of Christ in Kashmir. 

Though he loved Sanskrit and quoted it fluently, mouthing 
verse after verse with obvious relish, he could translate from 
Latin, Greek, Pali and Arabic well enough to be able to decipher 
and extract meanings on the spot. He was in search of 
megaliths in the Poona area at the time of his demise. He had 
already drawn many conclusions, relating the Deccan to Central 
Asia in pre-history. His mind was amazing at grasping details. 

I often wondered what a marvelous General this stout-hearted, 
rugged devotee of science and progress would have made, had 
he so chosen. 

Internationally, he was exceptionally well known and much 
sought after; but he was shy and never went out of his way to 
seek publicity or fame. This may be why so few knew him and 
very few knew him well, but so many admired him once they 
had made his acquaintance. I remember a very intelligent 
General reading his smaller history book and saying “I wonder 
who this man is. What a fund of knowledge and what masterly 
writing!”. Yet Kosambi could sum a man up in one meeting; 
and he put people in ‘White’ and ‘Black’ categories at once. 
There were few grays for him. 

Kosambi’s impact on others, I am sure, tended to impress itself 
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on those with whom he came in contact. Speaking for myself, 
it had a tonic effect. India, the Deccan, the human race seemed 
to take on a new meaning. Stones could be made to yield 
secrets of history, time could be filtered down to give interpreta- 
tions to ancient texts; hope and insight seemed all-pervasive. 
What a varied and wonderful thing was society. What changes 
and turns had the histories of men and groups suffered, and 
how had the main stream of generations resisted the storms of 
changing fortune in history! All this, one could perceptibly 
feel when in proximity to him. Yet he was a recognized mathe- 
matician among the highest ranking mathematicians in the 
World and he could take even laymen into the world of num- 
bers and make them seem to be thrilling and alive. He was a 
statistician of international repute. 

Yes, Kosambi was a rare human; humanistic in the extreme, 
compassionate, humble with the humblest and a giant am ong 
the proudest giants. That was the man I, and many of his 
friends, had the good fortune to know during an all too short 
life. His loss to us is great; how great has been his contri- 
bution, only future generations will tell. He was a rare aroma 
in the garden of man’s achievements. He was not “the stuff 
that dreams are made of” but the solid earthy stuff on which 
the future of man is founded. 
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The death of Professor D. D. Kosambi on June 29, 1966, at the 
age of fifty-nine removed a unique figure, not only from India 
but from all society. 

Kosambi had a most unusual and comprehensive education, 
partly in the United States, at Harvard, where his father taught 
Indie studies. He acquired early an interest in mathematics, 
which was his main contribution to science, particularly in the 
field of statistics and Stochastic Theory. This put him in the 
front rank of practical mathematicians and his interest was then 
transferred to theoretical and nuclear physics and he worked on 
fundamental research at the Tata Institute in Bombay under 
the general direction of the late Homi Bhabha. 

I am not qualified to comment on his mathematical work, 
especially as much of it is concerned with number theory and 
calculus of variation; but I had a great deal to do with him as 
a man of quite exceptional intelligence and charm, particularly 
in the work concerned with^the Indian peace movement, and I 
learned something of his wide scope of interest. Although 
trained in the United States, he remained from the very begin- 
ning mainly concerned with Indian problems, including Indian 
economics, history and archaeology. It was a pleasure to travel 
with him in his own country because, for Kosambi, history was 
not only in the past but also in the present. 

In the extremely unsatisfactory records of Indian history 
which he has denounced in his books, he finds the preservations, 
of beliefs and customs in many tribes and castes. He finds, for 
example, not only the places of worship but also actual names, 
such as that of the goddess Lumbini presiding over the birth 
of the Buddha, which has been preserved locally practically un- 
changed for 2,500 years. I witnessed one of these survivals 331 
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myself outside the National Chemical Laboratory near Poona. 
It was a newly established shrine with a crude figure smeared 
with red paint and an attendant ascetic who, for a consideration, 
would offer up a prayer so that the new arrival into the labora- 
tory could be assured of a good post. 

Kosambi’s interest stretched further than the geography of 
India. I accompanied him to the National Museum of Denmark 
in Copenhagen and he was able to tell the curator precisely what 
bones he would find at the bottom of a well because the Bronze 
Age Danes had the same horse sacrifice as the ancient Aryans 
of India. 

Wherever he went he was able to trace out the early trade 
routes still in use in the age of steam and motor cars, and often 
transporting the same goods including pots made with the slow 
and fast wheel, that had already been made in the Indus civiliza- 
tion in the second millennium b.c. For this he had also to per- 
fect his knowledge of Indian languages and poetry. His father 
knew the whole of the Pali Tripitaka by heart, and I remember 
Kosambi taking me to the Institute in Poona where a number 
of aged Indian scholars and their younger disciples were occu- 
pied in providing a comparative edition of the Mahabharata of 
100,000 lines from numerous manuscripts on palm leaves and 
other fragile bases, reckoning that they had done a good day’s 
work when they had completed one line ! 

Kosambi introduced a new method into historical scholarship, 
essentially by application of modern mathematics. Indians were 
not themselves historians: they left few documents and never 
gave dates. One thing the ancient Indians did leave behind, 
however, were hoards of coins. These carry no inscriptions 
which list kings or date markings, but they had been in circula- 
tion before the hoard was buried and had suffered varying 
degrees of wear before burying. By statistical study of the 
weights of the coins, Kosambi was able to establish the amount 
of time that had elapsed while they were in circulation, and so 
set them in order, and to give some idea of their respective ages. 
In this way he was able to date these coins known as punch- 
marked coins, weighed pieces of silver of carefully standardized 
weight marked with various devices which connected them with 
a definite king, sometimes many with a single king such as the 
great Asoka of the Maurya dynasty. The persistence of a coin 
is one of the most remarkable of human characteristics. In his 
book, The Culture and Civilisation of Ancient India in Historical 
Outline, Kosambi shows a picture (No. 62) of a coin of a Greek 
32 king, Menander, in North India, 180-160 b.c. which he found in 


1940 circulating in an open air market in Poona as an equivalent 
of half a rupee. 

His great contributions to historical science have been his two 
books Introduction to the Study of Indian History (Popular Book 
Depot, Bombay, 1956) and The Culture and Civilisation of An- 
cient India in Historical Outline (Routledge and Kegan Paul, 
London, 1965). These provide a history of an entirely different 
character to anything seen before. As he himself says in his 
latter book: 

“But what is history? If history means only the succession 
of outstanding megalomaniac names and imposing battles, 

Indian history would be difficult to write. If, however, it is 
more important to know whether a given people had the 
plough or not than to know the name of their king, then India 
has a history. For this work I shall adopt the following defini- 
tion: History is the presentation in chronological order of 
successive changes in the means and relations of production. 

This definition has the advantage that history can be written 
as distinct from a series of historical episodes.” 

In his second book, Kosambi certainly bears out his definition. 

He shows a picture of a two-bullock plough of the same charac- 
teristic type with vertical handle and curved yoke-pole, taken 
from a relief of the Bodhisattva’s First Meditation in the Bud- 
dhist caves at Junnar, as in use in a.d. 200 and still in use there 
at the present day. They are, for all practical purposes, identi- 
cal. 

A great deal of Kosambi’s book is taken up with the descrip- 
tion of classical Indian political science. The Arthasastra is a 
complete and almost Machiavellian description of how the great 
Indian state of Magadha (300-184 b.c.) was ruled and how the 
institutions of the complete police state could be adapted to the 
tenets of the purest Buddhism. He shows that the positive task 
of the Mauryan State consisted of opening up the territory of 
the Ganges Valley, including Bengal and even Assam, by clear- 
ing the tropical forests and assimilating, through institutions of 
Hindic religion, the local populations. 

All this may seem very far away and long ago, but to Kosambi 
it was all in the present as well, illuminating the current diffi- 
culties of Indian agriculture and industry. 

“When gunpowder had blown Arj una’s bow and later feudal- 
ism off the map the Indian intellectual still turned instinc- 333 
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tively to the (Bhagavad-) Gita to find some way of coping 
with patriotic needs in the new world of banks and shares, 
railroads, steamships, electricity, factories, and mills. . . . The 
Gita is honoured oftener than read, and understood far less 
than it is recited. After such mixed ideas are displaced by 
clear-cut thinking based on a firm grasp of material reality, 
the work may still furnish some aesthetic pleasure for its 
power of expression and peculiar beauty.” 


This article is in the form of reminiscences of my contacts with 
the late Prof. D. D. Kosambi. I came to know him first in 1941 
when I shifted from the Deccan College Campus to the Jangli- 
maharaj Road. At this time viz. in 1942 I had just returned from 
the First Gujarat Expedition and I was invited to give a lecture 
on the Foundation Day of the Bhandarkar Oriental Research 
Institute. For some reasons, Prof. Kosambi could not attend this 
lecture. And when he met me sometime later, he told me how 
sorry he was for his inability to attend my lecture. Later he 
came to my house with some reprints of his articles and before 
taking leave of me, he invited me to go to his place, and when 
I went on the following day, he was very kind and hospitable 
and he almost forced me to have some refreshments which I 
was not used to. And from then on for a number of years we 
used to exchange our reprints, the most common subject being 
coins on which he had prepared a very interesting and original 
article by weighing the coins. By a careful examination of the 
coins, he found out how the statistical approach could be made 
use of to find out their age. So when I happened to acquire a 
similar hoard of punch-marked coins from Nagari in Rajasthan 
in 1955 and published the results in 1956, I sent him a copy of 
the article. He said that the hoard was welcome because it 
gave us a large number of punch-marked coins in the graded 
series, though they were not useful from the statistical point of 
view. And then I realized how very ignorant I was of the stati- 
stical method, because I thought that this hoard would be as 
precious as the one studied by Prof. Kosambi, viz. of Gupta 
coins. 

Then came a period of estrangement. How this estrangement 
took place, I do not know. Prof. Kosambi began to criticize our 
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excavations (without meaning me or my colleagues specifically). 
So when I met him in the Deccan Queen after several years I 
went out of my way to meet him and ask him why he had 
taken such an antagonistic attitude. He then said that somehow 
or other he could not understand our report on Maheshwar and 
Navdatoli nor did he agree with my interpretation of the evid- 
ence, viz. on the Chalcolithic culture at Navdatoli which I said 
belonged to a Puranic phase of our history. Prof. Kosambi was 
always a very difficult person to convince and he went on persist- 
ing in his attitude and this came out in a most violent form 
when he criticized my book Prehistory and Protohistory in 
India and Pakistan in a severe way in the Times of India I (1964). 
Immediately I wrote to him that the review was quite unfair 
because the book was an exhaustive survey of all that was 
known and it was — more than 60 to 70 per cent based on the 
original work done at the Deccan College and also other un- 
published works. To this he did not reply. Then I also invited 
him to pay a visit to our Institute and see our museum and the 
work done by us in the Institute. To this also he did not send 
me a reply. After a couple of months or so, he wrote to me 
saying that in the heat of the argument, he forgot to write about 
the work he was doing on some problem and wanted to know 
whether he could visit our museum and take some photographs. 
He particularly mentioned that he must have full liberty to 
handle things and take out objects as he pleased. I said that 
the entire museum was at the disposal of scholars like him and 
that there would be no restriction on his handling or photo- 
graphing any material. When he came to the Department, I 
showed him all our pottery, stone tools, particularly the section 
on Nevasa. When he saw all our collections, he was indeed sur- 
prised at the way things were exhibited and the work done by 
the Institute and immediately asked me to allow him to photo- 
graph the Nevasa section. He also took photographs of the 
mother-goddess from Nevasa and elsewhere. Before he took 
leave of me, he took a colour photograph of mine saying ‘Please 
tell your colleagues and friends that this photograph has been 
taken by one of my most severe critics. Thus the visit of 
Prof. Kosambi ended on a happier note. But a still more happy 
moment was to come when we spent several hours together, 
alm ost, the whole afternoon, in surveying all the megalithic 
monuments that he had discovered in the Poona District. He took 
us from one monument to another and went on explaining how 
he thought that these were prehistoric monuments, exactly like 
the megaliths of Mysore, Andhra and South India. He also 


thought that these in some way or other continued the tradition 
of the prehistoric or protohistoric cultures, etc. Here I must say 
that I had myself decided not to contradict him and also advised 
all my colleagues not to contradict him on the spot because this 
would have lead to a very furious argument. In the first place 
we were seeing one of his most important life-works and there- 
fore before any comments could be offered we had to under- 
stand his viewpoint and only then offer criticism. 

Immediately afterwards he invited us to see the specimens of 
prehistoric carvings which he had collected and kept in his 
house and those which he had seen on the Vetal Hill. The latter 
could not be taken out, as they were in danger of being dynamit- 
ed and he thought that I should use my influence and protect 
them from further damage. So my colleague Prof. S. N. Rajguru 
and I with one or two other colleagues went to him one day in 
the early morning at about 5.30 a.m. Unfortunately, it was on 
that very day we heard the shocking news of the death of Sri Lai 
Bahadur Shastri at Tashkent. Still both Prof. Kosambi and my- 
self were made of such stuff, that this news did not deter 
us from doing our job, and we spent 5 useful hours surveying 
in detail all the things that he had observed on the Vetal hill. 
And alas ! this was our last meeting. 

Whether one agrees with his conclusions or not, one must 
admire the great tenacity of purpose and interest with which 
Prof. Kosambi had moved about in these parts of the Deccan 
and observed things for himself. 



Approach to 
Human Problems 


It is needless to say, that Kosambi is to be rated as one of the 
foremost among the patriotic intellectuals of India. The contri- 
butions to this volume by learned scholars will offer enough 
evidence of this. The present note seeks to show, how Kosambi 
was free from all inhibitions in his intellectual pursuits. He 
would freely mix with all the cross-sections of the community 
to understand the human problems, as he was convinced that 
this was the first step to seek solutions for them. He became 
one with them while he was with them and made the people 
feel that there was no barrier of any kind between him and 
his fellow beings. A few incidents will illustrate this aspect. 

He often visited his friends in the medical profession. If he 
had to wait for his friend and if there was a large gathering of 
patients who wanted minor treatments for their wounds and 
injuries, Kosambi would not hesitate to wash and dress the 
wounds even if they were found on the legs or head. He was 
fully equipped for this. He had taken good lessons in first aid 
and nursing. He fully made use of this knowledge to offer his 
services and made them feel one with him. He would often go 
to the villages regularly and run such “Medical Camps” not only 
to relieve the pains and sufferings of the people but also to learn 
more about them and their problems. He would not hesitate to 
“inflict” such treatments even on his own aged mother if he 
found it necessary, in spite of her protests, until the venerable 
lady would yield and say, “It is not worthwhile to resist Baba’s 
bullying!”. Kosambi did not sniff at the indigenous drugs or 
their treatment. Once he came to know, that a local massagist 
was preparing a kind of medicated oil which would give some 
relief to pain in the joints. He visited the “Institute”, of the 
healer and bought a bottle of oil and tried it on himself first. 
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When he found relief, he began to extend this treatment to 
hundreds of friends not only in India but also in Europe and 
America and other countries. 

Kosambi was a frequent visitor to Bangalore and he was curi- 
ous to know about many interesting features of Bangalore. One 
of the most popular festivals in Bangalore is “Karaga” which 
comes off on the fullmoon night during spring months of 
March-April. The main ceremony consists of a procession of 
‘Karaga’ (decorated triple pot) carried by a male priest dressed 
as a woman. By careful examination of all the details of the 
rituals, he was able to show that this symbolises the transition 
from matriarchy to patriarchy. It took a number of years of 
patient observation and meeting priests of all communities con- 
nected with this ritual. He would approach the most orthodox 
Brahmin priest as politely as he would the priests of the so 
called ‘low castes’ and ‘untouchables’. By such intimate and 
friendly contacts, he gathered the required information for his 
work from the existing society; he was as much at home with 
shepherds as with scholars. 

While he was running the campaign: “Peace by peaceful 
means”, he addressed hundreds of workers, students and scholars 
with equal enthusiasm and fervour. One of the elderly states- 
man and an important, respectable scholar in Bangalore expres- 
sed his desire to meet this “Revolutionary”, although he did not 
approve of his philosophy. Kosambi heard about this and learnt 
that this elderly person was bed-ridden. Immediately he took 
a transport and went to see this invalid person. He sat beside 
his bed and first made kind enquiries about his health. The old 
gentleman burst into tears with joy when he learnt that the 
enquirer was no other than Kosambi whom he was longing to 
see for nearly 2 decades. The sick man forgot his illness and 
carried on conversation with him for nearly 3 hours and it was 
Kosambi’s consideration for the former’s health that brought it 
to a close. 
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Reminiscences of 
Prof. Kosambi 


The news of Professor Kosambi’s death came as a great shock 
to me. I had not heard about his illness, and, therefore, did not 
know that he was so critically ill. It is an irreparable loss not 
only to the world of Learning and Scholarship but also to those 
who had the privilege of enjoying his warm and inspiring 
friendship. 

I had known him closely since the early 1930s, and used to 
meet him quite often for a number of years. The Library of 
the Indian Mathematical Society was located in the Fergusson 
College, Poona, and as Secretary, and later President, of the 
Society, I had to go to that city very frequently. He insisted on 
my staying with him and was a most charming and thoughtful 
host. The late Vijayaraghavan also joined us there some time, 
and our discussions on these occasions were most stimulating 
and of absorbing interest to me. 

When I first met him at a meeting of the Indian Mathematical 
Society in 1932, he had just launched on his researches in “Path 
Spaces”, and had a close contact with some of the internationally 
well-known mathematicians, especially of the School .of E. 
Cartan, who were working on the same lines. His reputation 
as a vigorous and outstanding mathematician was spreading far 
and wide. Other universities used to send their research scholars 
to work with him for their doctorate degrees. He was a most 
exacting teacher, and demanded the highest standard and con- 
sistent hard work from his pupils. I had to act as an examiner 
with him sometimes, and I could see how he pursued a candi- 
date until he had extracted the last bit of information out of 
him. 

He had no worldly ambitions, and preferred to work in the 
340 Fergusson College of the Deccan Education Society in Poona on 


a nominal salary rather than take up a lucrative job elsewhere. 
I had wanted him to come as a Research Professor at the 
Osmania University on quite a high salary, but he was content 
with his life at Poona. When the late Dr. Bhabha invited him 
to join the Tata Institute of Fundamental Research, he was 
still hesitating and asked my advice. I was able to persuade him 
to join the Institute not because the emoluments were higher 
but because there was a better chance for him to do his own 
work and to train younger mathematicians there. Another argu- 
ment in favour of the move was that the Institute was situated 
in Bombay so near to Poona, and he could visit his favourite 
residence regularly every weekend. 

He was a versatile genius and could easily switch his mind 
from Abstract Mathematics to problems in Numismatics and 
Archaeology. The proximity of his home to the famous Bhandar- 
kar Oriental Research Institute at Poona attracted many scholars 
of Classics and Ancient History to him, and they came to con- 
sult him on problems connected with research on the Ancient 
Civilization. Some of his acquaintances thought that perhaps 
he was frittering away his energy on trivial problems uncon- 
nected with Mathematics. He was, however, satisfied that he 
was doing useful and worthwhile work, and a number of 
eminent scholars agreed with him. 

Another trait of his character led him to wage a crusade 
against any injustice that he came across, and he championed 
the cause of the down-trodden with all his vigour and courage. 
He was absolutely out-spoken and was consequently not very 
popular with the higher-ups. He suffered for his convictions, 
and I had an impression from his last letters that he was not 
getting on very well with other people. 

He was also a very keen reader of detective stories, and used 
to take them as a pastime for solving mysteries. His Reading 
Room was full of such books, and we used to compete with each 
other in unravelling the mysteries as quickly as possible. 

One passion of his early youth which remained with him 
throughout the greater part of his life was the exercise in 
weight-lifting. He was a very strong man physically, and was 
in the habit of boasting to his intimate friends that he was the 
“strongest” mathematician of his time. This was, of course, 
implied in the sense of physical strength. We used to warn 
him not to overdo the exercise, and I have an apprehension 
that this habit had something to do with the damage to his 
heart which ultimately snatched him away from an active and 
vigorous life. 
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His place will be hard to fill, and all those who came in con- 
tact with him will feel his loss painfully. As a mathematician 
and as a savant, he has a secure place in history. 


10 Extracts W. Seidel 

from 

the Tributes 


The late Professor D. D. Kosambi and I were classmates at 
Harvard University in the years 1925-1928. We frequently 
attended the same classes in mathematics and became good 
friends. Professor Kosambi, whom I called “Baba”, impressed 
me deeply by the brilliance of his mind and the wide range of 
interests which he exhibited. He was a man of great personal 
charm and attractiveness. 

I left Cambridge, Mass, after my graduation from Harvard 
to do graduate work in Munich, Germany, and did not see 
Kosambi again. However, we maintained contact through 
correspondence, and I was shocked to learn that he had left 
Harvard before obtaining his Ph.D. in mathematics there. This 
was the time of the market crash in the United States. As a 
result, academic positions became very hard to find, as I dis- 
covered on my return in 1930. The authorities at Harvard were 
in great difficulty to find positions for their graduates and 
Kosambi was discouraged from completing his studies at 
Harvard. 

In spite of these difficulties Kosambi attained great promin- 
ence even in other fields, such as Indian archaeology. 

I shall always treasure my association with this remarkable 
man. ■ . 



As I can recall after about 25 years, it was as Governor of the 
Reserve Bank that I first met Prof. Kosambi. I presided at a 
lecture he delivered in Bombay on a horde of punch marked 
coins dug up at Taxila. The treatment was statistical and some- 
what novel in numismatics. I was highly impressed, not only by 
this side light of Prof. Kosambi’s mathematical talents, but also 
by his transparently and uncompromisingly candid personality. 

In those days I used to visit Poona quite frequently to see 
some very dear friends there and Prof. Kosambi and I often met 
in the train between Bombay and Poona and our acquaintance 
gradually developed into a somewhat uneasy friendship. Prof. 
Kosambi’s intellectual interests were, I soon discovered, surpris- 
ingly wide, and his observations on men and things within this 
ambit were refreshingly frank. He was good enough to send me 
from time to time copies or reprints of some of his writings, 
that he thought would interest me. Those included his edition 
of Bhartrhari’s Satakas, articles on rock caves in the Western 
Ghats region asd an article on Bhagavadgitd. This last was 
critical to the point perhaps of seriously angering Hindus, chal- 
lenging as it did the conventional standing of the Gita, even in 
the eyes of Sanskrit Scholars of repute. From their point of 
view, it could even be discounted as Buddhist partisan sally 
against something regarded' as very sacred by the Hindus. Of 
his major interest and profession, mathematics, he naturally did 
not say very much as I am no mathematician and could not 
share his professional interest. 

After I left Bombay my contacts with Prof. Kosambi natural- 
ly grew much rarer, although we kept up a sort of long range 
friendship. His sudden demise was a great shock to me, as it 
must have been to his friends and admirers — I am sure a very 
wide category. 


Professor D. D. Kosambi commanded an unusually high respect 
among the student community at Aligarh which liked to inter- 
pret his initials ‘D D as Doctor of Divinity’. Athletic in appear- 
ance and magnetic in association, Professor Kosambi was a uni- 
que personality in the domain of Indian education. 

Professor Kosambi as a Scholar 

A man of versatile genius, had practically mastered a num- 
ber of European languages including French, German, Italian 
and Russian. He could speak in any one of these languages al- 
most as if it were his mother-tongue. He had enough knowledge 
of Greek and Hebrew also. I know it personally in as much as 
he used to quote from Greek and Hebrew in his classroom 
lectures. 

He was a voracious reader and had a profound knowledge of 
European literature, history and economics. He was particularly 
conversant with the philosophy of dialectical materialism as 
propounded by Marx and Engels. 

He had taken only a Bachelors’ Degree in pure mathematics 
at the Harvard University and yet had a complete grasp over 
the latest developments of mathematical research in Europe. 
His knowledge of the subject was so sound and penetrating that 
it looked almost fundamentally different from what was pres- 
cribed in the curriculum for mathematics in the Indian Univer- 
sities by the conservative system of education derived from the 
British. 

His extensive reading and vast learning had made him a man 
of progressive views much ahead of his co-religionists. He was 
deeply interested in mathematical researches and the learned 
discourses he gave on history and economics in private conver- 



sation clearly established that he well deserved the title con- 
ferred upon him by the student community. 

Professor Kosambi as Individual 

Professor Kosambi was very simple in his habits; his dress 
too was very simple. I have often seen him in shorts in the 
market. He was often seen in the class-room in shirt and pant, 
with Peshawari chappal. At home he had no drawing-room or 
sofa-sets, but huge almiras full of books. He had a good 
appetite and enjoyed good food. In spite of his being a Brahmin 
he never hesitated in taking meat openly and even in the pre- 
sence of his co-religionists. In Delhi, he always dined in Mus- 
lim hotels and he had taken a fancy for food cooked in a small 
hotel known as Shahjahanpuri hotel in Chandni Chowk near 
Fatehpuri mosque. He had told me, that in Delhi he could get 
the best food only in the Shahjahanpuri hotel and advised me 
to taste chicken and Qorma of that hotel. When in Delhi I did 
actually search out that famous hotel liked by Professor 
Kosambi and found that whatever he had said was absolutely 
true. In private, when he was alone with me he would like to 
talk in his mother-tongue Marathi. I seemed to be the only 
student in Aligarh who could, speak Marathi with him. He was 
very fond of Marathi literature and whenever I quoted to him 
some relevant passages from a famous drama known as “Ekach 
Pyala” he felt exhilerated. He was a fluent conversationist and 
would hardly allow others to speak when he was talking. When 
his statement was contradicted he laughed heartily and was al- 
ways ready to admit his mistake. He always asked me to recite 
Sanskrit poems of which I knew a lot and he would then start 
his philosophical discourses quoting Goethe and the German 
philosophers. 

Professor Kosambi was nationalistic in outlook and was deep- 
ly convinced about the greatness of his own country. It was 
this that had brought him back to the sub-continent from 
America and he had joined Benaras Hindu University as a 
Professor of Mathematics. But as the atmosphere of orthodoxy, 
narrow-mindedness and complete indiscipline among the stu- 
dents that he found there was not palatable to his progressive 
views, he was thoroughly disappointed and his rebellious tem- 
perament was in search of a more free atmosphere and disci- 
plined social environment. He was therefore planning to leave 
Benaras as and when opportunity permitted him 


Professor Kosambi as Teacher 

During the regime of Dr. Ross Massod, as Vice Chancellor of 
Aligarh Muslim University, a French Jew by name Dr. Andre- 
ville was appointed as Chairman of the Mathematics Depart- 
ment. He was a very brilliant scholar of Mathematics, who had 
broken the record in the University of Paris at a very early age. 
On his arrival in Aligarh he was feeling like fish out of water. 
He went round India in search of men of his calibre and met 
Professor Kosambi and Dr. Raghavan in some conference in 
Calcutta. He persuaded both of them to join the teaching staff 
of Aligarh Muslim University and thus Prof. Kosambi came to 
Aligarh. Dr. Raghavan and Dr. Andreville were quiet by tem- 
perament and were always engaged in solving mathematical 
problems in the staff-room. There used to be a black-board in 
the staff-room on which the latest mathematical problems used 
to be written and the two professors used to sit dumb gazing 
at the black-board. As soon as Professor Kosambi entered the 
staff-room the atmosphere used to change suddenly. Looking 
at the black-board Professor Kosambi would start immediately 
in French and would rush to the Board in order to solve the 
problem. The two sitting professors would find themselves per- 
plexed and would listen to the discourse of Professor Kosambi 
as students. He would immediately solve the problem giving 
references to French and German authors and the two professors 
used to be satisfied with the approach and solution of Professor 
Kosambi. Thereafter the two professors used to take out those 
books referred to by Professor Kosambi and start reading them. 

In the class-room Professor Kosambi was very simple and 
would develop his topic from the very elementary principles of 
the subject. After explaining the preliminaries to the students 
he would create interest in them to understand the problem cor- 
rectly. Professor Kosambi then was a gushing stream of know- 
ledge. He was absolutely thorough and uptodate in his subject. 
He would illustrate the most intricate problems of mathematics 
in a very simple manner always giving references to French and 
German authors. 

Professor Kosambi in his zeal to impart knowledge was mak- 
ing an attempt to enliven the subject and its teaching by mak- 
ing it more utilitarian in its application. The knowledge of the 
students unfortunately was grounded on outdated knowledge of 
the subject and they were thus feeling uneasy in following him 
when he developed the topic on modem lines. Aligarh in those 
days was behind times in so far as this subject was concerned. 
But in the class his teaching was superb. His explanation of the 


fundamentals was illuminating; his treatment of the topic was 
analytical and full of references. With his nimble tongue and 
fluent speech the class-room used to be a highly entertaining 
place. 

As teacher Professor Kosambi was conscientious. He was 
aware, that the subject he was teaching was very dry. He 
could sense when the students were likely to be bored, and then 
immediately he would introduce an entirely personal topic e.g. 
in reference to his own student days or narrate a story of some 
witty author that would set the class room into a roaring 
laughter. 

In order to keep pace with the advances made in the subject 
elsewhere he sincerely advised the students to study German 
and French, and particularly he used to emphasise that it was 
absolutely essential to study German to complete one’s study of 
mathematics. 

Outside the class-room Professor Kosambi was an intimate 
friend to all students. He treated them as members of a family, 
posing himself as a Pater familia. He was a source of inspira- 
tion to students as he went on talking about social and political 
problems. In private he used to discuss prominent Indian 
personalities. I quite remember when he started discussions 
about Dr. Zakir Hussain, the then President of India, as an Eco- 
nomist. He was full of praise for him and always took the op- 
portunity of meeting him. 

He was a great mathematician of the sub-continent. He left 
Aligarh after Dr. Andreville and Dr. Raghavan. Later on he 
joined the Fergusson College, Poona and served the people of 
Maharashtra. His death is a great loss to the mathematical 
world. 


My father, George David Birkhoff, took a warm personal interest 
in “Kosambi” (as he was known to the Harvard Mathematics 
Department), whose many-sided brilliance and charm stood out 
in classroom and living room alike. The versatility and original- 
ity of his later mathematical work which (like some of Wiener’s 
work) showed imaginative insight even when it was not rigor- 
ous, amply justified this early promise. 


World View 


Kosambi’s mind was versatile. Though a scientist and mathe- 
matician by profession, he took an interest in history, and 
brought to its methodology an original approach. Kosambi was 
a Marxist by conviction, and his definition of science has Hege- 
lian echoes — “Science is the cognition of necessity.” 

Science had a continuity that other subjects lacked. He often 
said, “I stood on other people’s shoulders, still others will stand 
on mine.” The job of science, he wrote, was to make “better 
and better approximations to the truth”, (‘Science and Freedom’) 
but for science to make an advance, the scientist needed free- 
dom, yet he found himself surrounded by restrictions on what 
to think and what to say. For instance, Galileo’s astronomy was 
thought dangerous, because Galileo by stating factually what 
he saw, challenged the prevalent theory of the ruling class and 
its right arm, the Church, so that “. . . . by implication the rest 
of the social system was also laid open to challenge, something 
no man is free to do without risk,” ( E.E. , p. 49) then or now. 
Kosambi spoke from personal experience. He knew the fetters 
Big Business could and did place on a scientist with an inquir- 
ing mind, questioning all matters. „ 

Science flourished when the scientist carried on his investiga- 
tions unhampered, which was the case during political upheaval, 
when a new class gained power. Along with the rising class 
came a bumper crop of scientists: Newton, for example, whose 
discoveries coincided with the rise of the bourgeoisie in England. 
Famous French scientists sprung up after the French Revolution 
smashed the feudal system. The bourgeoisie needed and en- 
couraged 'scientific discoveries. But to Kosambi there was no 
justification to tie science to the apron strings of a decaying class 
,350 just because that class in its prime 400 odd years ago, had 


brought into existence science as we know it today. The world 
and the bourgeoisie have changed since then and the scientist 
needs to be free of that class, for, “. . . . if he serves that class 
which grows food scientifically and then dumps it into the ocean, 
while millions starve all over the world, if he believes the world 
is over-populated and the atom bomb is a blessing that will per- 
petuate his own comfort, he is moving in a retrograde orbit on 
a level no beast could achieve.” (‘Science and Freedom’) 

Though not prone to imagine virtues in the bourgeoisie, 
Kosambi gave that class full credit for being the harbinger of 
modern science. But the bourgeoisie per se is not essential to 
scientific growth and the reason why the scientist in today’s 
capitalist society feels choked is that the class he serves fears 
the change it sees in a different social structure which has 
managed to survive and to thrive without a bourgeoisie. This 
difference cannot be freely discussed by scientists in the ‘Free 
World’ he noticed. For if they did, they risked losing their jobs. 
Studying a different social structure, inquiring into and ques- 
tioning the social need for the bourgeoisie, or for classes today, 
are topics debarred from scientific inquiry. 

After World War II, scientists grew worried about their 
dwindling freedom, which Kosambi found out, meant pursuing 
their work in their chosen field, and being paid for it by Big 
Business, war departments, or universities whose funds depend- 
ed chiefly on these two sources. So scientists were “under the 
necessity of producing regular output of patentable or advertis- 
ing value while avoiding all dangerous philosophical or social 
thought.” (‘Science and Freedom’) 

Kosambi laid bare the class basis of science and called it “the 
theology of the bourgeoisie”. In the days of handicraft produc- 
tion, before machines came in, technical knowledge was passed 
on slowly and production limited. And when the indebted 
craftsman mortgaged his tools, they brought no profit to the 
usurer though the craftsman starved. So there came into being 
a new class whose labour could be exploited. The usurer be- 
came the capitalist and the craftsman formed the proletariat. 

This necessitated fresh thinking to fit in a managing class 
which doesn’t handle the tools of production. Here Science 
came into its own, and Galileo’s study of pumps, for instance, 
resulted both in hydrostatics and more efficient pumps, because, 
“Science is nothing if it does not work in practice. In Science, 
practice and theory cannot be divorced.” ( E.E. , p. 44) Kosambi 
often stressed that science was not the result of talented people 
thinking up scientific problems in their minds. Only when 
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there was the social need, did the necessary invention come up. 

Dialectical materialism was the method Kosambi followed in 
his study of ancient Indian history in which source material is 
meagre and chronology, extremely difficult to fix. Kosambi’s 
basic method of tackling chronology was by demarcating periods 
in history according to the means of production, not by battles 
or changes in dynasty. But here too, Kosambi recognized that 
in an undeveloped society, socio-economic forces guiding histo- 
rical development, major wars, major changes in rulers, major 
religious upheavals, all revealed the fundamental changes in 
productive relations. Kosambi regarded these as basic, while 
they had been ignored by earlier bourgeois scholars. In addi- 
tion, India had an uneven course of development, what with the 
size of the country, the different languages and differing natural 
environments, so that even if some ancient document did reveal 
the mode of production and so the level of development of that 
society, it would be a job to fix its chronology. Unlike Brahmin 
records, Kosambi found Jain records more dependable. The 
Jains had a large number of traders to whom years and dates 
meant something, and they had to get their records straight. 

Another difficulty faced by any student of ancient Indian 
history, was the terms used. Terms can be, and have changed 
their meaning, and Kosambi noted that this was more so in 
India where the priestly control over Sanskrit led to secrecy, to 
memorising, and consequently, to ambiguity. Kosambi sug- 
gested that a scientific Indian chronology would be possible only 
by the method of citation. Researching into the earliest men- 
tion of customs, techniques, and foodstuffs was one of his 
methods. “Digging in the right places” could help evaluate 
written sources, such as the Mahabharata War or Rama’s inva- 
sion of Lanka. 

Slavery in India was another disputed issue to which Kosambi 
tried to find an answer by relating it to the method of produc- 
tion. Greeks and Romans, accustomed to slaves, couldn’t recog- 
nize any class that" looked like their own slaves. Besides, neither 
in inscriptions nor in literature is there any mention of slaves 
taken in battle, slave marts or caravans of slave traders. 
Kosambi concluded that dasa or sudra were alternate terms des- 
cribing the same thing. The caste system according to Kosambi 
prevented slavery in India in the Greco-Roman sense. The 
Aryans destroyed the earlier Indus Valley civilization, with an 
urban population comparable to the early Sumerian. The urban 
population must have been kept going by a large, surplus- 
producing agrarian population, who became the dasas. The 


Rgveda mentions two varnas, as caste was then known — the 
Arya and the Dasa. Later on Dasai acquired the meaning of 
Sudra and the Sudra served the three upper castes. The other 
ground on which Kosambi refutes the possibility of classical 
slavery in ancient India is that at the time of the Aryan invasion, 
the Aryans had no private, only tribal property, and the Sudras 
were the slaves of the entire tribe. 

In the course of his study of ancient Indian history, Kosambi 
found tribal people whose lives, because of the availability of 
food, had remained basically unchanged when too much defores- 
tation hadn’t ruined their traditional food and living habits. 
With plough agriculture began the mutual acculturation of food 
gatherers and farmers, who, in time, found their place in the 
caste system, and the foodgatherers contributed their two main 
don’ts — not accepting food from a stranger and no marriage 
outside the tribe — to the caste system. Kosambi also traced 
the tribal origins of many Hindu dieties. One of the tribes he 
studied, was the Ras Phase Pardhis, nomads of the Deccan. 

Field work played an important part in Kosambi’s study of 
history. He came by evidences of mutual acculturation first 
hand. He went over to the farmers, unmindful of heat, dust, or 
their unhygienic conditions. More important, he crossed the 
barriers formed by generations of poverty on the one hand and 
exploitation on the other. “Such field work,” he wrote, “has to 
be performed with critical insight, taking nothing for granted 
or on faith, but without the attitude of superiority, sentimental 
reformism or spurious leadership.” (I.S.I.H., Pref. vii) 

Dialectical materialism found its way into Kosambi’s views 
on literature. He felt that arrangement of words alone did not 
make an author great and that Shakespeare’s greatness was due 
to his expressing a new class basis. In those days, the bour- 
geoisie was the rising class, and their interests coincided with 
those of the oppressed. To be great, Kosambi held, a poet had 
to show up some part of the social structure and the seeds of 
its negation, which happened during the emergent stage of a 
new class. With his scientific mind always on the lookout for 
suspicious coincidences from which to draw general truths, he 
felt: that was why the greatest names in literature come at the 
emergent and not the decadent period of a particular class, and 
why literature, fulfilling these requirements outlasts the society 
it reflected. 

But after a socialist revolution, 'somehow, the literature in the 
socialist country lacks both the jpower and the literary forms 
which arose during earlier social Upheavals. Kosambi, with his 
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critical admiration for socialist achievements explained: that 
was because the new class in earlier societies emerged while the 
old class was dominant. The new class turned to literature to 
express its hopes and aspirations because any political expres- 
sion was denied it. But when in a socialist society, the working 
class gains power, it gains political expression. The struggle 
has always been bitter, and the new, socialist country tries to 
reach the advanced level of the older capitalist countries, which 
have probably tried to kill its socialist revolution. On the lite- 
rary front, writers face another difficulty, in that they have 
spent their formative years in the old society. Classless society 
did not exist as far as one can remember; and the literary pro- 
duction takes on what Kosambi called the ‘boy-loves-tractor’ 
pattern. Party directives and writers’ conference resolutions 
cannot remedy the situation. The cure, as Kosambi saw it, was 
to abolish illiteracy and make classical works in that language 
easily available. In addition, he felt that some way had to be 
found to link the aesthetics of the new socialist society to pro- 
duction, and then new art forms would develop, as music did, 
originally, to make the crops grow, and dance, drama, painting 
and sculpture originated in primitive initiation rites and sym- 
pathetic magic. 

But these developments, however beneficial to mankind, need 
one pre-requisite, peace. The argument that war requirements 
allotted vast funds for research and scientific development, was, 
he felt, “vicious.” He wrote, “Quite apart from the destructive- 
ness of total war, the crooked logic of Big Business and war- 
mongers is fatal to the clear thinking needed for Science.” 
(E.E., p. 97) Kosambi felt that lasting peace had to be based on 
“true democracy”, where all men were truly equal and no one 
could claim any superiority by virtue of any right whatsoever, 
whether divine, of birth, conquest or that of private property. 
Otherwise peace, as imperialists have seen it over the centuries, 
would have no meaning. Kosambi often quoted Tacitus on the 
subject, who had written, “He made a desert and called it peace,” 
referring to a contemporary Roman Emperor. To Kosambi, it 
was “twisted logic” that waged war in the name of peace, and 
“which bombs people indiscriminately to save them from Com- 
munism.” (E.E., p. 96) 

Being an active fighter for peace, Kosambi went into the 
causes that prevent peace, and saw in food a powerful weapon 
in the war against mankind, excepting that fraction of the peo- 
ple to whom food is a very minor item of expenditure. “In a 
word it is class war, and all other wars of today stem from 


attempts to turn it outward. Even the Romans knew that the 
safest way to avoid inner conflict and to quiet the demands of 
their own citizens, was to attempt new conquests.” (E.E., p. 97) 
World War III, Kosambi felt, was not inevitable, and that pub- 
lic opinion, once aroused, could stop it; and he spared no effort 
in mobilising that public opinion. He also felt that colonial 
liberation would help the cause of world peace, being one step 
towards making “have-not” countries a thing of the past. 

Kosambi’s approach to life was based on his Marxism — but 
not its blind, uncritical application. “Marxism cannot be re- 
duced to a rigid formalism like mathematics, nor can it be treated 
as a standard technique such as an automatic lathe.” (E.E., p. 4) 

The way to cherish Kosambi’s memory is to acquire a mastery 
over his methods. 
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in Verse 


I had the honour of knowing Kosambi for many years. I first 
met him when he was in England as a guest of the British 
Council to give a series of lectures, to which he invited me. I 
knew him by repute as a mathematician and therefore declined 
to go to the lectures since they would clearly be above my head. 
He reacted somewhat violently to this thought of mine and told 
me that in fact his lectures were to be on the subject of meso- 
lithic archaeology. It was thus for the first time that I realised 
how broad were his interests and how complete a polymath he 
was. His interests were extra-ordinarily wide-ranging. When 
I took him to Salisbury Plain to show him the great monument 
of Stonehenge, I found that he was familiar with all the back- 
ground and with all the interpretations put upon the monument 
by English antiquarians since the seventeenth century. He was 
well read in medieval Latin texts, an authority on the punch- 
mark coins of western Asia, skilled in the science of genetics. 
Like a latter-day Lord Bacon, he had taken all learning to be 
his province. He was not only learned but a stimulator of 
learning in others. 

In 1951 Kosambi published a paper on the Rgveda ( JBBRAS , 
27, 1951, pp. 1-30). In this paper he transliterated the original 
Sanskrit text into the Roman alphabet, thus making the original 
language available to people like myself with no knowledge of 
the Sanskrit script. He published with the transliterated text 
a literal English prose translation. 

In his paper, Kosambi proposed that the passage RV. X. 95 was 
not a narrative of factual events but rather a formal dialogue 
from some ritual now lost. In discussing the matter with 
Kosambi I was impressed by the percipience of his interpreta- 
tion and caught some of his ebullient enthusiasm. 


Sir John Frazer’s monumental work The Golden Bough pro- 
posed that early religions were based on man’s mystical inter- 
pretation of the mystery of growing crops. The central figure 
was usually a com goddess. She was represented by, and often 
identified with, a priestess. To ensure the fertility of the crops, 
a man was chosen to be her husband for a year. At the end of 
that time he became a human sacrifice and his remains possibly 
scattered over the fields in a fertility rite. Thus his body under- 
went neither of the two rituals which were normal, those of 
inhumation or cremation. This interpretation gave a new 
and more vital meaning to the words of the passage. Once the 
passage was seen as a dialogue between the priestess and her 
husband, to be used in a liturgical play, after the human sacri- 
fice had been dropped, new and special meanings were revealed. 

With Kosambi’s permission I turned his prose translation into 
a verse translation, since the Rgveda itself was of course written 
in poetry. I added two introductory verses to set the scene. 
For the rest, the translation is quite literal. I have merely 
added one or two words to each verse to show whether it was 
the priestess or her fated husband who was speaking. 


URVASI AND PURURAVAS 

Out of all men, one man the goddess chooses 
As bridegroom for her priestess: one elected 
To share immortal loving: one that loses 
By force his earthly shape, for heaven selected. 
With the immortal goddess he shall lie, 

To make her fruitful, and then fruitless die. 

After the sacred year, and the many dangers, 

The separation and the loss of love, 

The mortal and the goddess (no more strangers) 

In quiet harmony their passion prove. 

But now the darkness comes, and now the fear 
Of their strange mating in the sacred year. 


Speaks now the mortal: “You who were my wife, 
Loving and kind, what transformation now 
Changes your beauty? What immortal strife 
And what dread purpose marks your lovely brow? 
O break your purpose! Let me sing your praise, 
Lest dead and fruitless be our distant days.” 


A tribute in Verse 


But, pitiless, the goddess now replied : 

“Of what use now your songs? No more you see 
The passionate lover or the willing bride. 

As the dawn vanishes so vanished she. 

The bride’s but air, and mortal is the groom; 
Return, poor mortal, to your mortal doom.” 

He spoke again, defiance in his eyes, 

(Angry the heart when destiny draws near): 

“Look. As an arrow to the quarry flies, 

So came I to you, clean of any fear. 

Without such courage shall the heart not shine. 

The lamb’s voice, crying, is no voice of mine.” 

“You spoke of dawn,” he said, “and the dawn each day 
Renews her beauty, after the loving night. 

In some dark bridal chamber laid away, 

Embraced by darkness, rising still more bright. 

Such is the power of loving, to renew 
The dawn for ever: so my love for you.” 

“Ah, love,” the goddess said, “You did embrace 
And take me wholly, as a living fire. 

Unwilling was my body, and my face 
Turned from you, yet I yielded to your desire. 

Though I a goddess, you were king of all 
My body’s realm, and held me in your thrall.” 

Then memory stirred within him, and a dream 
Of dancing figures on their bridal day, 

White figures dancing where the waters gleam; 

In the clear pool their image danced as they. 

He saw the garlands, and the cattle hung 
With sacred flowers. He heard the old songs sung. 

She spoke again: “When you were bom,” she said, 

“The wives of all the gods were there, and knew 
The destiny prepared, the road you’d tread. 

The stream which made the gods have made you too. 
Now is the battle joined for which you’re made, 

Your victory near. Be swift and unafraid.” 

Again he dreamed: “Once, on a river’s side 
I saw the nymphs, and touched their nakedness. 


From me they started, as the deer that hide 
From the swift hunter in the wilderness. 

They leap as horses leap, who feel the sting 
Of sudden whip and stretch their galloping.” 

She laughed, remembering: “When a mortal lover, 
Young as you then were young, and fair as you, 
(But youth and beauty both will soon be over) 

Seeks out the nymphs, as once you used to do, 
Then— like the swans— they show their beauty gay, 
Leaping and running like a horse at play.” 

“But then you came,” he said, “with joy and laughter, 
Made me forget my nymphs, and made me run 
From their false rivers to the true clear water 
Which my heart craved. Your body bears my son. 

One further wish I ask you now to give, 

Goddess and wife — O let your lover live!” 

“Great was your birth” she said, “and great your power. 

But all your greatness did you give away, 

Yielded to me upon our bridal hour; 

I warned you truly on that selfsame day. 

You did not heed. Impatient was your passion. 
Possession won, your heart has changed its fashion.” 

“Cruel!” he said, “and must my unborn son, 

Asking for me across the fruitless years, 

Hear of my fate, and feel the hot tide run 
Of sorrow, and the flood of bitter tears? 

By what right do you now attempt to part 
Husband and wife, kind heart from loving heart?” 

Your son shall weep indeed,” the goddess said, 

“Until he learns my office. Then shall he, 

Knowing your fate and mine, be comforted. 

Go pray no more, but meet your destiny. 

You found, in love, a mortal lip and brow. 

The mortal fool may touch no goddess now.” 

“Out of your mercy,” he replied, “I may 
Neither my joy nor even my life recover. 

Since love is gone, let life itself give way. 

If love be dead, O perish then the lover. 



My flesh the wolves shall eat when I shall die. 

If not with you, then with cold death I’ll lie.” 

“That lovely flesh,” she said, “no wolves shall eat. 

Neither with me, nor yet with death you’ll lie. 

Strange is your fate, and when your hour’s complete, 
You’ll know the secret of your destiny.” 

“In woman’s heart no man shall find a friend,” 

He said, “the wild beast dwells there in the end.” 

“No woman I,” she said with darkening eyes, 

“Though as a woman did I dwell with you, 

A goddess, still, though in a different guise. 

My passions many though my feastings few. 

Fasting I waited in my mortal dream, 

Tasting a little curd, a little cream.” 

Then he submission made and said: “Prepare 
The sacrifice, my goddess, and receive 
This mortal flesh, O you who fill the air. 

I take my destiny and do not grieve. 

Blessings be yours for all our sacred year. 

And yet, turn back,, my heart is hot with fear!” 

Now, all her mortal semblance cast away, 

Goddess entire, she spoke: “Because you die, 

The gods shall bless you, and your son shall pray, 

Serving the gods with holy piety. 

Priest, King, and god he shall be by your deed, 

And for your blessing shall the gods take heed.” 

(The above is a version of RV. X. 95 as interpreted by Kosambi 
in JBBRAS 27, 1951, pp. 1-30, with two introductory verses; the rest 
constitute an attempt to reconstruct the ritual described in the Rgveda 
and the original, actual sacrifice from which the hymn was derived.) 
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Death overtook Prof. D. D. Kosambi in his bed in the early 
hours of the 29th June 1966 prematurely and almost surreptiti- 
ously, after he had been declared generally fit on the previous 
day by his family doctor. It was a case of myocardial infarct. 
A glance at the list of his publications given elsewhere will 
bring home to us the serious loss the world of progressive and 
talented writers has suffered and the void his death has left 
among the leading savants of renascent India. 

Bom at Kosben in Goa, then under the rule of the Portuguese 
colonialist, Damodar Kosambi was brought up in a family 
known for its rigorous standards of learning and social be- 
haviour. He had inherited from his father, the renowned Bud- 
dhist scholar: Dharmanand Kosambi, an insatiable spirit of 
inquiry, a love of wandering and a sharp, versatile intellect, 
which took him quickly ahead of his coworkers and gave his 
views a rare sense of originality. After some schooling in India, 
his father, who had accepted a teaching assignment at Harvard 
(U.S.A.), took him to the Cambridge Latin School, where as a boy 
of eleven he dedicated himself to a student’s hard life until after 
about eight years we see him emerging as a brilliant young 
graduate of the Harvard University in Mathematics, History and 
Languages. On returning to India he worked for a few years at 
the Banaras Hindu University and then at the Aligarh Muslim 
University before he decided to settle down in Poona in 1932 as 
Professor of Mathematics at the Fergusson College, — known for 
its pioneering services in the field of National Education, and 
where father had taught for many years and laid the founda- 
tions of Buddhist Studies in Western India. It was during the 
crucial period of fourteen years he spent at this College, which 
he in lighter vein characterized as “Rama’s exile into the wilder- 
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ness”, that Prof. Kosambi carried on an incessant struggle for 
mastery in various fields of knowledge and laid the foundations 
of his greatness as a scholar and a thinker. 

Endowed with a powerful and far reaching imagination and 
an outstanding mathematical ability, Kosambi, who had concen- 
trated his mind almost exclusively upon mathematical research 
upto 1939, was gradually led to use his abstract methods for 
obtaining new results in various branches of social sciences. He 
began by applying statistical methods to Indian numismatics. He 
was seen weighing with the utmost precision and unremitting 
zeal thousands of punch-marked coins obtained from different 
Museums in the countiy and thrashing out his data until he could 
establish their chronological sequence, forward convincing argu- 
ments regarding the economic conditions under which they 
could have been minted, and discover facts about the dynastic 
history of the pre-Mauryan period, based upon a wide study of 
the ancient literary sources and his new meteorological findings. 
The more he examined the productive spirit working behind the 
panorama of Indian history, the more charmed he was by the 
manifold aspects of Indian culture, the past as well as the pre- 
sent. While giving mathematical precision to his ideas in the 
various branches of humanities, he turned almost instinctively 
to his Sanskrit inheritance. His frank and scholarly estimate of 
Bhartrhari’s Aphorisms and later of Vidyakara’s anthology: 
Subhdsitaratnakosa was a standing testimony to his versatile 
genius and quick mastery of the latest advances in literary 
criticism. In these and other Indological studies covering a wide 
range of subjects from the Vedic and the Epic to the classical 
literature of India he owed as much to Sukthankar’s Prole- 
gomena to the critical edition of the Mahabharata as to the most 
modem standards of literary criticism in the West. 

Being deeply -preoccupied with the entire field of knowledge 
as it were it was no wonder that his mathematical lectures in 
the Fergusson College seemed to go well over the heads of the 
post-graduate candidates. That as a result of this Kosambi had 
to leave the College, ought to open our eyes to the dangers 
involved in our borrowing an examination-ridden system and 
uninspiring standards of education in this country. The width 
of his comprehension and his penetrating researches, however, 
had been making their mark among the scientific circle of India 
and abroad. It was not long before he was offered the Chair 
for Mathematics in the Tata Institute of Fundamental Research 
of Bombay in 1946 which he held for the next 16 years. The new 
position offered him opportunities of developing closer contacts 


with scholars of his own calibre all over the world and of meet- 
ing his financial responsibilities better than before. Kosambi, 
however, could not relish the conditions under which he had to 
work. Living in his own house in BORI Colony Poona, he had 
to march every morning to the Railway Station and make the 
“Deccan Queen” his second home in order to attend to his duties 
in Bombay. Besides, a man of his temperament, solely dedicated 
to the pursuit of knowledge and social enlightenment was 
entitled, he thought, to a freedom of thought and action, such as 
we hardly expect to meet with in an emergent society struggling 
for its economic independence. All the same, he was able now 
not only to give a final shape to some of his earlier studies, but 
to launch upon new orientations in the fields of Biology, Archaeo- 
logy, Anthropology and pre-History. And every now and then 
we see him turning back from his study of the social sciences to 
the development of his research in the comparatively abstract or 
pure fields of science: the last book he sent out for publication 
dealt with Prime Numbers. His last major work: The Culture 
and Civilization and Ancient India (London, 1965), which has 
now come to be translated into several European and Asiatic 
languages, set the seal of recognition on his vast erudition, his 
ability to discover basic motives of human civilization and his 
brilliant powers of exposition. 

It is not for us to estimate the scientific advances made by 
Prof. Kosambi in the fields of Genetics, Statistics and Mathe- 
matics or the part played by him in various other spheres of 
activity, e.g., in his capacity as Member of the World Peace 
Council visiting the socialist countries of the East and the West. 
He believed in the Marxist method of interpreting and changing 
the human society, but did not hesitate to revise the data of 
Marx himself in the light of modem research. As an indepen- 
dent thinker with a passionate devotion to scientific research, he 
seemed to be almost exclusively preoccupied with his own intel- 
lectual pursuits. As such he was sometimes accused of brusque- 
ness and intolerance, but he had obviously no use, nor time for 
all the sophistications of our normal social life, nor could he 
afford to waste his energies on empty rituals and ceremonies, 
except for treating them as objects of his anthropological studies. 
And yet, whenever he found some time to relax, his childlike 
simplicity and sparkling wit were most refreshing even to those 
who were nearest to him and he spread laughter and sunshine 
around him. Towards his friends he was generous to a fault. 
His inner life was marked by an unmistakable streak of asceti- 
cism, while his ethical standards were unusually high and 
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severe. Prof. D. D. Kos^mbi deserves to be remembered as one 
of the highly gifted and versatile scientific workers and indefat- 
igable scholars of modem India for whom a relentless search for 
the highest human values was the only natural way of life. 


(based on his own notes brought up to date by Shri R. P. Nene ) 

1. Precessions of an elliptical orbit: Ind. Joum. Phys. 5. 
1930. 359-364. 

2. Modern differential geometries: ibid. 7. 1932. 159-164. 

3. On a generalization of the second theorem of Bourbaki: 
Proc. Acad. Sci. of the U. P. 1. 1931 (3 pages). 

4. On the existence of a metric and the inverse variational 
problem: ibid. 2. 1932. 17-28. 

5. On differential equations with the group property: J. 
Ind. Math. Society 19. 1932. 215-219. 

6. The problem of differential invariants: Jubilee memo- 
rial volume of the J. Ind. Math. Soc. 20. 1933. 

7. Geometrie differentielle et calcul des variations: Rendi- 
conti d. R. Accad. Naz. d. Lincei. 1932. 410-415 (commu- 
nicated by T. Levi-Civita). 

8. Affin-geometrische Grundlagen der Einheitlichen Feld- 
theorie: Site. Preuss. Akad. Wiss. Phys. Math. Klasse. 
1932. 342-345. Communicated by Erhard Schmidt (mis- 
print in 1st formula 15). 

9. Parallelism and path-spaces: Math. Zeitschrift 37. 1933. 
608-618. The note following on pp. 619-622 of the same 
issue by Elie Cartan should be read jointly with the 
paper. 

10. The classification of Integers: J. Uni. Bombay. 2. 1933. 
18-20 (merely expository). 

11. Collineations in path-space: J. Ind. Math. Soc. 1. 1934 
69-72. 

12. Continuous groups and two theorems of Euler: Math. 
Student 2. 1934. 94-100. 
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13. The maximum modulus theorem: J. Uni. Bombay . 3. 

1934. 11-12 (proof that the theorem holds for non- 
analytic functions provided only that they are schlicht 
in the mapping). 

14. Systems of differential equations of the second order: 
Quart. J. Maths. (Oxford), 6. 1935. 1-12. (Einstein-Mayer 
field equations on P. 7; identities on pp. 9-10 used by 
Douglas, Proc. Nat. Acad. Sci. (U.S.A.) 1939 et. seq., 
without acknowledgement). 

15. Homogeneous metrics: Proc. Ind. Acad. Sci. 1. 1935. 952- 
954. Shows that certain types of connections might 
admit only a metric homogeneous of degree zero, not of 
Finsler type). 

16. An affine calculus of variations: Proc. Ind. Acad. Sci. 2. 

1935. 333-335 (extension of tensor analysis to higher 
order differential equations). 

17. Differential geometry of the Laplace equation: J. Ind. 
Math. Soc. 2. 1936. 141-143. (It was later pointed out by 
T. Levi-Civita in a friendly letter that the essential 
results had been obtained by him before 1907, and 
Emile Cotton in 1913.) 

18. Path-spaces of higher order: Quart. J. Maths. (Oxford). 
7. 1936. 97-104. (Actual, execution of the ideas of 16; 
basis for the work of V. Seetharaman, Proc. Lond. Math. 
Soc. 1938; also frequently utilized by Kawaguchi, 
Hombu, Hokari, Ohkubo and other members of the 
Japanese school of differential geometry and tensor 
analysis.) 

19. Path-geometry and cosmogony: Quart. J. Maths. 7. 1936. 
290-293. (First application of the new methods developed 
in nos. 7, 9, 14, 15 to Milne’s work. The divergence of 
points of view led to misunderstanding and polemical 
criticism, on both sides.) 

20. Les metriques homogenes dans les espaces cosmo- 
goniques: Comptes Rendus (Paris) 206. 1938. 1086-1088. 

21. Les espaces des paths generalises qu’on peut associer 
avec un espace de Finsler: ibid. 1538-1541. Development 
of 20. (The theoretical bases for reverting from Milne’s 
paths to a metric, and a complete set of conditions for 
associating a metric in n-space with that in an n+1- 
space, logically necessary for any theory of relativity.) 

22. The tensor analysis of partial differential equations: J. 
Ind. Math. Society 3. 249-253. But the Japanese trans- 

366 lation appeared first as in the journal: Tensor , No. 2, 
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Aug. 1939. 36-39 (Translation by H. Hashimoto), follow- 
ed by a comment in Japanese by A. Kawaguchi. 

23. A note on the trial of Sokrates: Fergusson Coll. Mag. 
July 1939, 1-6 (Sokrates and the class- war of his day); 
Reprinted in 109, below. 

24-25. Various reviews in The New Age, National Front, and 
related publications. J. B. S. Haldane on Marxist philo- 
sophy and the sciences, J. D. Bernal on the Social func- 
tions of science, G. D. H. Cole and R. Postgate on the 
Common people, etc. 

26. The emergence of national characteristics among three 
Indo-European peoples: ABORI 20. 1940, 195-206. Trial 
speculation on Indology. 

27. (a) The function of leadership in a mass movement; (b) 
The Cawnpore Road: Fergusson Coll. Mag. 1939-40, 1-7. 
(A critique of dialectical-materialistic social theory; a 
story published under the pseudonym “Ahriman” re- 
printed in 109, below.) 

28. (a) Revolution and the progress of science: New Age 5. 
320-325. (A survey of the effects of the revolution upon 
mathematics in the USSR.) 

28. (b) Science learns the goose-step: ibid, pages unknown, 
as the journal was suppressed soon after. (A protest 
against the dismissal of T. Levi-Civita from the editor- 
ship of the Zentralblatt fur Math, and subsequently from 
all Italian academies, on grounds of his being a Jew.) 

29. Path-equations admitting the Lorentz-group-1 : J. Lond. 
Math. Soc. 15. 1940. 86-91, reprinted (for the offprints), 
Fergusson Coll. Mag. February 1941. 

30. A statistical study of the weights of old Indian punch- 
marked coins: Current Science 9. 1940. 312-314. 

31. The concept of isotropy in generalized path-spaces: J. 
Ind. Math. Soc. 4. 80-88. (With an application to Milne’s 
cosmology in the final portion.) 

32. A note on two hoards of punch-marked coins found at 
Taxila: New Ind. Antiquary 3. 1940, 156-157. (A review 
of the memoir by E. H. C. Walsh on the subject.) 

33. A note on frequency distribution in series: Math. Stu- 
dent 8. 151-155. (Methods of generating other distribu- 
tions than the Poisson and the binomial); see no. 75 and 
no. 108. 

34. (a) On the study and metrology of silver punch-marked 
coins: New Indian Antiquary, 4. 1941. 1-35 and 49-76. 
(Numismatics as a science, with an application to its 
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most difficult problem.) (b) Additions and corrections, 
ibid 5. 1942, May. 

35. A bivariate extension of Fisher’s Z-test: Current Science 
10. 1941. 191-192. (The precise analogue, by readjusting 
the degrees of freedom, of Fisher’s z-test, for a bivariate 
population.) 

36. Correlation and time-series: ibid. 372-374. (Pointing 
out that the correlation coefficient is meaningless if cal- 
culated when the variance of one of the two variates is 
infinite.) 

37. The quality of renunciation in Bhartrhari’s poetry: F. 
Coll. Mag. 1941. (A study in ,oomparativ|e literature. 
Republished with changes in Bharatiya Vidyd 1946. 49- 
62; reprinted in 109, below.) 

38. Path-equations admitting the Lorentz group-II: J. Ind. 
Math. Soc. 5. 1941. 62-72. (Continuation of 29; for fur- 
ther work, see the series of papers by Mohd. Shabbar, 
Proc. Ind. Acad. Sd. 1940, 1941.) 

39. On the origin and development of silver coinage in 
India: Current Science 10. 1941. 395-400. Shows that 
the punch-marked coinage system developed from 
Mohenjo-Daro cut silver pieces. 

40. On valid tests of linguistic hypotheses: New Indian 
Antiquary 5. 1942. 21-24. Shows that Zipf’s “inverse 
square” law is not valid in linguistics. This paper was 
then called to the special attention of linguists by A. J. 
Lotka. 

41. Zeros and closure of orthogonal functions : J. Ind. Math. 
Soc. 6. 1942. 16-24. 

42. The effect of circulation upon the weight of metallic 
currency: Current Science. 11. 1942, 227-231. Shows 
linear decrease of weight with use of coins; independence 
of correlation and denomination; continuation of 34 for 
modern coins. 

43. A test of significance for multiple observations: Current 
Science 11. 1942. 271-274. A tentative approach to statis- 
tics in function-space. 

44. Progress in the production and consumption of textile 
goods in India: J. Ind. Merchants’ Chamber (Bombay), 
Jan. 1943, 11-15. Published as by “Vidyarthi’ and Miss 
Sushila Gokhale. 

45. Race and immunity in India: New Indian Antiquary 6. 
1943. 29-33. Shows that the supposed immunity of the 


Hunzas is due to a rigorous climate as Darwinian selec- 
tive agency. 

46. Statistics in function space: J. Ind. Math. Soc. 7. 1943. 
76-88. Shows how statistics may be extended to a popu- 
lation of functions by using orthogonal functions and 
integral equations. 

47. The estimation of map distance from recombination 
values: Annals of Eugenics 12. 1944. 172-175. 

48. Soviet victory and the world revolution: Indo-Soviet 
Journal 2. (Nov. 7, 1943), p. 6. Shows that the theory of 
world revolution had not been abandoned by the USSR, 
as of that date. 

49. The Parvasamgraha of the Mahabharata: JAOS, 66 (2), 
1946, 110-117; followed by the counts of E. D. Kulkami’ 
ibid, 118-144. First complete discussion of the problem 
and of V. S. Sukthankar’s concept of a “fluid text”. 

50. The geometric method in mathematical statistics: Am. 
Math. Monthly 51. 1944. 382-389. Derivation of all ele- 
mentary distributions by the geometric method first 
introduced by R. A. Fisher. 

51. The Law of large numbers: Math. Student 14 1946 
14-19. 

52. The change in the Soviet constitution: Indo-Soviet 
Journal 2. (9). 1944. 

53. Direct derivation of series spectra: Current Science 13 
1944. 71. 

54. Caste and class in India: Science and Society 8. 243-249. 
Comment on an article by P. Rosas on the subject. 

55. Parallelism in the tensor analysis of partial differential 
equations: Bulletin Am. Math. Soc. 51, 1945, 293-296. 

56. Soviet Science: What can it teach us? Indo-Soviet 
Journal 11-13. June 22, 1944. 

57. George David Birkhoff: 1884-1944 (Obituary). Math 
Student 12. 1944. 116-120. 

58. The Raman effect (Anonymous, as by an “Indian Scien- 
tist”), People Age. July 22, 1945. 

59. Some extant versions of Bhartrhari’s Satakas: JBBRAS 
21. 1945. 17-32. 

60. On the authorship of the Satakatrayl: JOR (Madras) 15. 
1946. 64-77. 

61. The Satakatrayam of Bhartrhari with the commentary 
of Ramarsi, edited in collaboration with Pt. K. V. 
Krishnamoorthi Sharma, Poona, 1945, 2 + 140 + 6 + 1, 
Anandashrama Sanskrit Series, no. 127. 



62. The Village community in the “old conquests” of Goa: 
J. Uni. Bombay 15 (4). 1947. 63-78. 

63. Sur la differentiation covariante: Comptes Rendus 
(Paris) 222. 1946. 211-213. 

64. Silver punch-marked coins with special reference to the 
East Khandesh Hoard: J. Num. Soc. Ind. 8. 1946. 63-66. 

65. Early stages of the caste system in northern India : 
JBBRAS 22. 1946. 33-48. 

66. The Southern Archetype of Epigrams ascribed to 
Bhartrhari. Bharatiya Vidya Series 9, Bombay, 1946. 
176 + 13 + 8. The first critical edition of any Bhartrhari 
recension. 

67. An extension of the least-squares method of statistical 
estimation. Annals of Eugenics, 13, 1947, 257-261. 

68. Parvasamgraha figures for the Bhlsma-Parvan: (with 
E. D. Kulkarni) JAOS 71. 1951 21-25. 

69. Some applications of the functional calculus. (Presiden- 
tial Address to the Mathematics Section of the Indian 
Science Congress, Delhi, Jan. 1947, completely ruined in 
the printing; no proof shown to the author). 

70. Les invariants differentiels d’un tenseur covariant a 
deux indices: Comptes Rendus 225, 1947. 790-792. Also 
Differential invariants of a two-index tensor, Bull. Am. 
Math. Soc. 55. 1949. 90-94. 

71. Early Brahmins and Brahminism: JBBRAS 23. 1947. 
39-46. 

72. Systems of partial differential equations of the second 
order. Quart. J. Math. 19. 1948. 204-219. 

73. The Epigrams Attributed to Bhartrhari. (Singhi Jain 
Series 23) Bombay, 1948; pp. viii + 82 +240. This is the 
first comprehensive edition of the poet’s works and still 
remains the editio princeps, being cited in books on 
Indian text-criticism as a landmark in critical methods. 

74. Chronological order of punch-marked coins — I: JBBRAS, 
25. 1948-9, 33-47. 

75. Characteristic properties of iseries distributions. Proc. 
Nat. Inst. Sci. (India) 15. 1949. 109-113; see no. 33; sequel 
in no. 108. 

76. Lie Rings in Path-space: Proc. Nat. Acad. Sci. (U.S.A.) 
35. 1949. 389-394. 

77. The Avatara syncretism and possible sources of the 
Bhagvad-Gita : JBBRAS 24-25. 1948-49, 121-134. 

78. Marxism and ancient Indian culture (adverse review of 
S. A. Dange’s “India from Primitive Communism to 


Slavery”): ABORI 29. 1949. 271-277. Reprinted in India 
Today. 

79. On the Origin of Brahmin Gotras : JBBRAS 26. 1950. 21- 

80. 

80. Series Expansions of continuous Groups : Quart. J 
Math. (2). 2. 1951. 244-257. 

81. Chronological order of punch -marked coins-II: The 
Bodenayakanur Hoard: JBBRAS 26. 1951. 214-2,18. 

82. UrvasI and Pururavas: JBBRAS 27. 1951. 1-30. Re- 
printed in Indian Studies'. Past & Present, vol. 1. Cal- 
cutta 1959. 141-175, and in no. 122 below. 

83. On a Marxist approach to Indian chronolopy- ABORI 
31. 1951. 258-266. 

84. Seasonal variations in the Indian birth-rate (with S. 
Raghavachari) : Ann. Eugenics 16. 1951. 165-192. Cited 
for use of polar coordinates in periodic biological pheno- 
mena. Presents considerations on birth control also. 

85. Path-spaces admitting collineations : Quart. J Math (2) 
3. 1952. 1-11. 

86. The Cintamani-saranika of Dasabala: Supplement to 
JOR (Madras), 1952, 8 + 15; edition of a Sanskrit astro- 
nomical work, which shows incidentally that king Bhoja 
of Dhara died in 1055-6. 

87. The Sanskrit equivalents of two Pali words : ABORI 32. 
1952. 53-60. Gives the correct derivation of sammapdso 
and vassakdra. 

88. Path-Geometry and continuous groups: Quart. J Math 
(2) 3. 1952. 307-320. 

89. Imperialism and Peace: Monthly Review. 3. 1951. 45-49. 

90. Ancient Kosala and Magadha : JBBRAS 27. 1952. 180-213. 

91. Science and freedom: Monthly Review 4. 1952. 200-205; 
in longer form Vijhan-Karmee 4. October 1952. 5-11. 

92. Geldner’s Rgveda: JOR (Madras), 1952, 291-295 (essay 
review, with special attention to words like ibhya). 

93. Chronological order of punch-marked coins-III: The 
Paila Hoard: JBBRAS 27. 1952. 261-271. 

94. Brahmin clans: JAOS 73. 1953. 202-208. Review and 
critique of J. Brough’s book: The early brahmanical 
system of gotra and pravara, (Cambridge, 1953). Mis- 
taken for a polemic. 

95. Seasonal variation in the Indian death rate (with S. 
Raghavachari): Annals of Human Genetics 19. 1954 100- 
119; complements no. 84 above. 



96. The Periodization of Indian History. ISCUS 1, 1954, 
pp. 40-55. (Arbitrarily changed by the editors, without 
consulting the author.) 

97. Notes on the class structure of India: Monthly Review 6. 

1954. 205-213; see 109, below. 

98. The metric in path space: Tensor (New Series), 3. 1954. 
67-74. 

99. What constitutes Indian History? ABORI 35. 1955. 194- 
201. Essay review of the first three volumes of the 
Bharatiya Vidya Bhavan’s History of India. 

100. The basis of ancient Indian history — 1: JAOS 75. 1955. 
35-45; II, ibid. 226-237. 

101. The working class in the Amarakosa: JOR (Madras) 24. 

1955. 57-69. Shows the existence of a hierarchical prin- 
ciple in the Amarakosa classification. 

102. Origins of feudalism in Kasmir: JBBRAS (Sardhasatabdi 
volume). 1956-7. 108-120. 

103. Indo-Ariiskii Nosovoi Ukazatel’ : Sovetskaya Etnografia 
(Ak. Nauk USSR), No. 1, 1958, 39-57. Demonstrates the 
unreliability of nasal-index data in theorising about 
Indian racial groups. 

104. On the development of feudalism in India: ABORI 36, 

1956. 258-269; adverse critique of Soviet Professor K. A. 
Antonova’s theories. 

105. The method of least squares: (Chinese text, Ac. Sinica, 
unknown publication, in 1957). Journal of the Ind. Soc. 
Agricultural Statistics 11. 1959. 49-57. Solves abstract 
equations, including integral equations for atomic piles 
(diffusion). 

106. The Subhasitaratnakosa of Vidyakara ( ed . with V. V. 
Gokhale HOS, 42, 1957. The oldest known general 
anthology of classical Sanskrit verse. A fragment was 
edited by F. W. Thomas under the erroneously conjec- 
tured title Kavindra-vacanasamuccaya (Calcutta, 1912). 

107. Introduction to the study of Indian History. Popular 
Book Depot, Bombay, 1956. See particularly the reviews 
by A. L. Basham ( BSOAS ), D. H. H. Ingalls (JAOS) 
L. Renou (JA). 

108. Classical Tauberian theorems: J. Ind. Soc. Ag. Stats. 10, 

1958, 141-149. Points out intimate connection with 

probability distributions, leading to improved methods. 

109. Exasperating Essays: People’s Book House, Poona, 1957. 
Republication of nos. 23, 27, 37, 97 above; and some other 
writings. 


110. The efficiency of randomization by card shuffling. (With 
U. V. R. Rao). J. Royal Stat. Soc. 121-ii. 1958. 223-233. 
Analysis of statistical defects underlying para-psycholo- 
gical experiments. 

111. Dhenukakata: JBBRAS 30. 1957. 50-71. Identification of 
the ancient Greek colony in Maharashtra. Also, com- 
plete text and translation of all known Brahmi inscrip- 
tions in Maval caves, including one from Karle hitherto 
unpublished. The first photograph of the Sphinx on a 
Karle pillar. 

112. The text of the Arthasastra: JAOS 78, 1958, 169-173. 
Shows that about a quarter of the original work is lost, 
but more or less uniformly over the whole text. 

113. The basis of despotism: Economic Weekly (Bombay) 
Nov. 2, 1957; pp. 1417-9. Review of K. A. Wittfogel’s 
Oriental Despotism. 

114. Notes on the Kandahar edict of Asoka: JESHO 2. 1959 
204-6. 

115. China’s communes: Monthly Review 10. 1959. 425-429. 

116. Primitive communism: New Age (Monthly) 8 (2) Feb. 
1959; pp. 26-39. First treatment of ‘communism’ in pri- 
mitive society, without idealization of ethnographic data. 

117. Social and Economic Aspects of the Bhagvad-Gitd: 
JESHO 4. 1961. 198-224. Revision of an article original- 
ly published in ENQUIRY 2, 1959, 1-20. 

118. Indian feudal trade charters: JESHO 2. 1959, 281-293. 
Special treatment of the Visnusena charter of 592 a.d. 
correcting D. C. Sircar’s gruesome mistakes. 

119. An application of stochastic convergence: J. Ind. Soc. 
Ag. Stats. 11, 1959, 58-72; shows that if the primes in 
suitably defined covering intervals behave like an un- 
biassed random sample, then the Riemann hypotheses 
follows. 

120. At the crossroads: JRAS (London) 1960, 17-31; 135-144. 
Russian translation in Indicheskii Etnograficheskii Sbor- 
nik (1961) 45-65. 

121. Kaniska and the Saka era: Marg, April 1962; also 
JBBRAS 1962. 35, 36-37. Originally presented and ac- 
cepted as a late paper to the Kaniska conference, SOAS, 
London. April 20-22, 1960. Identifies Kaniska I with 
Soter Megas and Kaniska II with the king of the coins. 

122. Myth & Reality / Studies in the formation of Indian Cul- 
true, Bombay, 1962. Reprints of nos. 117, 82, 120, and 62 
with illustrations, an introduction, with a new chapter 
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on the prehistory of Maharashtra, based on the writer’s 
own field-work. 

123. Pierced microliths from the western Deccan plateau: 
MAN Jan. 1962, note 4, pp. 10-12. Apparently the first 
announcement of such microliths. 

124. Megaliths in the Poona District: MAN, May 1962; note 
no. 108, pp. 65-7 + plate. 

125. The sampling distribution of primes: Proc. Nat. Acad. 
Sciences (USA) 49. 1963. 20-23. Shows that the primes 
numbers in intervals of fixed length on the real line 
transformed by y = li (x) occur in a Poisson distribution. 

126. Combined methods in Indology: Indo-lranian Journal 6. 
1963. 177-202. By special invitation of the editors, to 
show that philology, history, archaeology and anthropo- 
logy have to be combined to get valid results in any one 
of these fields; which, treated in isolation, leads to wrong 
conclusions otherwise. 

127. Adventure into the unknown: Asian Thought. (A note 
on the writer’s personal philosophy as a scientist and 
research worker; by invitation of the editors, in a sym- 
posium by the Andhra University Dept, of philosophy; 
yet to appear in print.) 

128. Prehistoric Rock Engravings near Poona: MAN April 
1963, note 60, pp. 57-8. 

129. The autochthonous element in the Mahabhdrata: JAOS 
84 31-44. 

130. Statistical methods in number theory: J. Ind. Soc. Ag. 
States, 16. 1964. 126-135. 

131. An inscription at Palasdev of Saka 1079: JBBRAS 38. 
1963. 69-73. An unnoticed but old reference to the 
Smarta-vaisnava controversy. 

132. Staple ‘Grains’ in the western Deccan: MAN: note 156 
of August 1963 (pp. 130-1) ; with additions, JBBRAS (to 
appear). 

133. The Culture & Civilization of Ancient India in historical 
outline. 

German translation (to appear). 

English version: London (Routledge & Kegan Paul) 1965. 
French translation (to appear). 

Japanese translation, by T. Yamazaki (Iwanami & Co. 
1966). 

134. The beginning of the iron age in India: JESHO 6. 1963. 
309-318. Places this important change at about 800-700 


b.c., much earlier than D. H. Gordon and Mortimer 
Wheeler would have it. 

135. Normal sequences. (S. Ducray): J. Uni. Bombay 31. 
1962-63. 1-4. 

136. Probability and prime numbers. (S. Ducray): Prac. 
Ind. Acad. Soc. A. 60. 1964. 159-164. 

137. Review of F. R. Allchin’s Piklihal excavations in MAN, 
Sept.-Oct. 1964, pp. 163-4. 

138. The vedic ‘Five Tribes’: JAOS. 87. 1967. 33-39. 

139. The sequence of primes. (S. Ducray): Proc. Nat. Acad. 
Sci. A. 62. 1965. 145-149. 

140. The Historical Krishna: Times of India Annual. 1965. 
27-36. 

141. An Ashokan Pillar /Banar as mystery: Times of India 
(daily) Jan. 28, 1965. 

142. Numismatics as a science: Scientific American. March 
1965. 

143. Chronological order of punch-marked coins of the 
Amaravatl Hoard. (?) 

144. Living pre-history in India: Scientific American. Feb. 
1967. 

145. The line of Arthasastra Teachers. (?) 

146. Prime Numbers: Monograph completed a few days be- 
fore the author’s death. Not yet published. 

147. Ancient India. A History of its Culture & Civilization, 
pp. 243, 98 pi. New York (Pantheon Books, 1965) — Review 
by R. Morten Smith, University of Toronto, in JAOS 87.3, 
1967, p. 339. 

148. The passionate adventure of Dr. Einstein ( Times of India, 
1964 ?). 

149. The Avimaraka of Bhasa (with J. L. Masson) Motilal 
Banarsidas, New Delhi, 1969. 
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Contributors 


Arguimbau, Lawrence B. (b. Brooklyn, New York). Between high 
school and college worked as student assistant in Bell Telephone Labo- 
ratories. Like Kosambi, took mainly graduate courses at Harvard, in 
his case in physics and mathematics, graduating in 1930. Did design 
work on early radio instruments and from 1939-1954 radio research and 
teaching at Massachusetts Institute of Technology, as associate professor. 
Returned to industry designing EM radios and later audiometers. Author 
of two college textbooks (one reprinted in Japan, and in India), a mono- 
graph and many technical papers, (one in the Journal of the Madras 
Institute of Technology, November, 1953). Became interested in politics 
in the 30’s during the depression, re-activated by the present college 
generation. Has been hybridizing flowers using colchicine to double the 
chromosomes. Has maintained a correspondence with former M. I. T. 
Indian students. Lives in a farmhouse in Lancaster, Mass. Address : 
R.F.D. 1, Box 410, Shirley, Massachusetts 01464 (U.S.A.). 

Banerjee, Ajit Kumar (b. 1909, Calcutta). Educated at St. Xavier’s 
School and College, Calcutta, 1919-27, Trinity College, Cambridge, U.K. 
1927-31, graduated in 1930, London 1931-32. Administrative experience 
in Martin and Company, Calcutta, 1933-34, Tata’s, 1936-39, Bombay, 
retired as their Principal Executive Officer. Visited Japan as a Member 
of the Indian Salt Mission, 1965, and attended the Seventh Session of 
the Chemical Industries Committee, I.L.O., Geneva, 1952, 1969. Other 
interests : Film, Theatre, Writing, History. Address : C / 1 Sea Face 
Park, 50, B. Desai Road, Bombay 400 026. 

Bedekar, D. K. (b. 1910, d. 1973). Bom in Satara and graduated from 
Banares Hindu University in 1932. He then became a trade unionist 
and later a whole-time worker of the Communist Party. He resigned 
in 1950 from the Party and returned to his studies. In 1954, he took his 
M.A. in Philosophy and took up teaching work. He had written a book 
on Hegel’s Philosophy in Marathi which was published by the University 
of Poona. He had other fields of interest, mainly literary criticism and 
social history. He was teaching philosophy in the Tilak Maharashtra 
Vidyapeeth, Poona. 

Bernal, John Desmond, M.A. (Cantab.) ; F.R.S. (1937) Royal Medal of 
the Royal Society 1945 ; Lenin Prize 1953 ; Prof. Of Physics, 1937-63 and 
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Professor of Crystallography 1963-68 ; Birkbeck College, London. Various 
scientific papers on Crystallographic, Physical and Biochemical subjects ; 
and contributions on scientific, philosophical and social sciences. 
Address : Birbeck College Research Laboratory, 21 Torrington Square, 
London, W.C.I. (England). 

Bhat, N. R. Emeritus Agriculture Scientist is, by specialisation, a 
geneticist and plant breeder. He is a graduate of the Agricultural 
College, Poona and a Ph.D. (Genetics) of the Cambridge University 
(U. K.). At Cambridge, he worked with the late Prof. R. A. Fisher and 
had an opportunity first to use the Kosambi formula in linkage problems. 
While in service of the Agricultural Departments of the State and the 
Union Government, Dr. Bhat worked on problems in Genetics and 
Breeding of Cotton, Tobacco and Sugarcane and was the President of 
the Indian Society of Genetics and Plant Breeding for 1969. Dr. Bhat, 
is at present, engaged in evolving high-yielding paddy strains possessed 
of inherited resistance to hopper infestation. Address : 23, Chandra 
Villa, Jai Hind Co-operative Housing Society, 12th N.S. Road, Juhu, Parle, 
Bombay 400 056. 

Dhavale, D. G. took M.Sc. degree in Physics at Allahabad University, 
was Life-Member of the Deccan Education Society and taught in Fer- 
gusson and Willingdon Colleges. Was inspired by his teacher Prof. 
M. N. Saha to take interest in Indian Astronomy. But could take up 
serious study of the subject only after retirement. Holds a UGC award 
for retired Professors which has made research work in Indian astronomy 
possible. Address: 850/4 Chiplunkar Road, Shivajinagar, Poona 411004. 

Erdos, Paul (b. 1913), got Ph.D. at the University of Budapest in 1934, 
was at the University of Manchester from 1934 until 1938 and then in 
the United States. Since 1955 he travelled between Hungary, Israel, U.S. 
Canada and England. He is a member of the Hungarian Academy of 
Sciences, Honorary Professor at the University of Budapest and perma- 
nent visiting professor at the Israel Institute of Technology at the Uni- 
versity of Colorado at Boulder and at the University of Caligary, Alberta, 
Canada. His principal fields of interest are : Number theory, set 
theory, comlinatorial analysis and probability. Address : C/o Dept, 
of Mathematics, University of California, Los Angeles, California 90024 
(U.S.A.). 

Fukazawa, H. (b. 1931 in Japan), studied at Lucknow and Poona from 
1956 to 1960, under the Government of India Cultural Scholarships 
Scheme, received Ph.D. degree from the University of Lucknow in 1960, 
was appointed a lecturer in South Asian Studies at the Department of 
Economics, Hitotsubashi University, studied at the School of Oriental 
and African Studies, University of London from 1966 to 1967 under the 
British Council Scholarship, and was appointed an Assistant Professor 
in South Asian Studies and Asian Economic History at the Department 
of Economics, Hitotsubashi University in 1968. Address : C/o Hitot- 
subashi University, Tokyo (Japan). 

Gokhale, V. V. (b. 1901 at Kolhapur), educated at Kolhapur, Poona, 
Bombay, Santiniketan, Heidelberg and Bonn, where he obtained D. Phil, 
in Indology, Sinology, and Philosophy in 1930. Professor and Life 


Member of the Deccan Education Society at Fergusson College, Poona 
(1932-1959), Head of the Dept, of Buddhist Studies, Delhi University 
(1959-66), Hon. Professor at Poona University, Director of Research 
Studies at Cheena Bhavan, Visvabharati (1937-38), Officer on Special 
Duty, Indian Mission at Lhasa, Tibet, (1948-50). Collaborated with D. D. 
Kosambi in his work on Bhartrhari and as co-editor of the Subhasita- 
ratna Kosa of Vidyakara (Harvard Or. S., Vol. 42, 1957). Writings in- 
clude monographs in Mahayana Buddhism, including first edition of Vasu- 
bandhu’s Abhidharmakasakarita ( JBBRAS , 1946), discovered in Tibet, 
etc.). Address : 39/14-15, Prabhat Road, Poona, 411 004. 

Guha Amalendu (b. 1925) was educated at the Presidency College, 
Calcutta, and at the Indian School of International Studies, New Delhi. 
Trained in Economics, he has specialised in economic history of India 
and Afghanistan and has taught in Darrang College, Tezpur and the 
Delhi School of Economics. Besides several research papers on his sub- 
ject he has also published books of general interest in Assamese language 
including Soviet Deshat E Bhumuki (1958) and Ajghanistanat E Bhumuki 
(1961) — the latter being subsequently published in translation in Mala- 
yalam, Tamil and Telugu languages as well. Since 1967, Dr. Guha is a 
Reader in Economics at the Gokhale Institute of Politics and Economics, 
Poona. Address : 932 B Shivajinagar, Poona 411 004. 

Habibullah, E. (Maj. Gen.) : Passed out Of Sandhurst in 1930 and was 
posted on the North-West Frontier of India for fourteen years where he 
saw active service as also later in Africa and Burma. He commanded 
the National Defence Academy at Dehradun and founded the new 
Academy in Khadakvasla. In the literary field, he translated some tech- 
nical books pertaining to armoured fighting vehicles from English into 
Roman Urdu for the Indian Armoured Corps. He was in Malaya as 
Deputy C. -in-Chief of that country’s army for a brief period. In 1961 
he retired. Horses are his absorbing hobby. Major General Habibullah 
has taken to writing reviews, critiques and articles for journals. 
Address : 11, Mahatma Gandhi Marg, Hazratganj, Lucknow, Uttar 
Pradesh 226 001. 

Habib, Irfan (b. 1931) educated Aligarh and Oxford. Professor of History, 
Aligarh Muslim University. Address : Badar Bagh, Muslim University, 
Aligarh, Uttar Pradesh 202 001. 

Habib, Sayera I., studied at the Aligarh Muslim University and the London 
School of Economics. Has been teaching Economics at the Barahseni 
College, Aligarh, and now at the Aligarh Muslim University. 
Address : C/o Department of Economics, Aligarh Muslim University, 
Aligarh, Uttar Pradesh 202 001. 

Hara Minoru (b. 1930). Graduated from the University of Tokyo (1953), 
studied at Harvard under Prof. Daniel, H. H. Ingalls from 1955 to 1960. 
Received Ph.D. degree from Harvard in 1967 for the thesis ‘Materials for 
the Studies of Pasupata Saivism . Appointed as lecturer in Sanskrit at 
the University of Tokyo (1960). Promoted to Associate Professor in 
Sanskrit at the University of Tokyo, in 1964. 


379 



Huzurbazar, V. S. (b. 1919), educated in the Universities of Bombay, 
Banaras and Cambridge where he took his Ph.D. in 1949. He has broken 
new ground in several of his research papers on probability theory and 
mathematical statistics. Since 1953 he has been Professor and Head of 
the Department of Mathematics and Statistics, University of Poona. He 
was awarded the ‘Adams Prize’ (for the years 1959 and 1960) of the 
University of Cambridge for his research work in Probability theory. 
Dr. Huzurbazar was President of the Statistics Section of the Indian 
Science Congress for the year 1966-67. Address : Poona University 
Campus, Ganeshkhind, Poona 411 007. 

Kamat, A. R. (b. 1912) was educated in Elphinstone College, Bombay, 
Fergusson College, Poona and University College, London. Trained in 
Mathematics, he has specialised in Mathematical Statistics and has 
taught in Elphinstone College, Fergusson College, B. M. College of Com- 
merce, Poona and University of Poona. Since 1959 he is Professor of 
Statistics in the Gokhale Institute of Politics and Economics in Poona. 
Besides mathematical statistics he is also interested in the socio-economic 
aspects of education, has published books on the subject including 
Wastage in College Education (1963) and Progress of Education in Rural 
Maharashtra (1969), and is a member of the National Council of Educa- 
tional Research and Training. He has held several UN assignments for 
short periods. Address : Gharpure House, 838, Shivajinagar, Poona 
411 004. 


Keswani, G. H., graduated in Mechanical and Electrical Engineering 
and lectured on Applied Mathematics, Applied Mechanics and Thermo- 
dynamics before joining the Indian Railway Service of Engineers. 
Principal of the Indian Railways’ School of Engineering at Poona since 
1967. Was Engineer-in-Chief on the Northern Railway before he was 
granted a USAID fellowship for study of management techniques in 
USA in 1966-67. In 1966 went with a Government delegation to explore 
market for Indian Steel in Africa, the Middle East and Southern Europe. 
Apart from his interest in various branches of engineering, he has made 
a study of history, foundations and tests of the theory of relativity. Has 
published numerous papers on these matters in the British Journal for 
the Philosophy of Science and Nature. Was on the editorial board of 
Science Reporter published by CSIR for a number of years. Address • 
11- A, Koregaon Park, Poona 411 001, 

Madgavrar, Kusum: Niece of Prof. Kosambi and knew him from 
childhood. Born and educated in Bombay. Now living in Delhi. Does 
occasional writing for journals. Address : C/O The Bank of India 
Janapath Road, New Delhi 110 001. ’ 


Masson, J. L. studied Sanskrit at Harvard and then went to the Ecole 
Normale Superieure (Paris) to work with Prof. Louis Renou. Later 
having studied in traditional Sanskrit Colleges in Calcutta, Bombay and 
Poona he taught Sanskrit at Brown University (1966-68). With Prof. 
D. D. Kosambi he translated the Avimaraka of Bhasa (Delhi 1970) and 
elaborated with Prof. M. V. Patwardhan in translation and annotating 
the Dhuanyalokalocana of Abhinavagupta. His Ph.D. Thesis deals with 
the Dhvanyaloka of Anandavardhana. The above works along with 


Natyasastra VI are to be published shortly. Address : University of 
Toronto, Toronto, U.S.A. 

Nakada Naomichi, (b. 1930), B.A. (1954), M.A. (1956) University of 
Tokyo, Ph.D. (Delhi University, 1968), Lecturer of Tsurumi Women’s 
College (Yokohama, Japan), studied Indian Philosophy at Tokyo Uni- 
versity under Prof. Hajime Nakamura and at Poona and Delhi Univer- 
sities under Prof. V. V. Gokhale. He studied especially Samkhya Phi- 
losophy in India for five years, as a Government of India Cultural 
Scholar. He has been publishing his studies on the Y uktidipika, a com- 
mentary on the Samkhyakarika. Address : 843, Higashiterao-Cho, 
Tsurami-ku, Yokohama, Japan. 

Nakamura Hajime (b. 1912), graduated from the University of Tokyo, 
1936 ; D.Litt. (University of Tokyo), 1943 ; Honorary D.Litt. Vidya- 
vachaspati conferred upon him by S. Radhakrishnan, President 
of the Republic of India, 1966 ; honorary D.Litt. ( Vidyapati ) by 
Nehru University, 1966 ; Professor of Indian Philosophy, 1954, visit- 
ing Professor (Stanford, Universities of Florida, Harvard, Hawaii) for 
various periods during 1951-69. President of Japan-India Society ; 
Director, Japanese Association of Indian and Buddhist Studies ; Author : 
Ways of Thinking of Eastern Peoples, East-West Center Press, Honolulu 
1964 ; History of Early Vedanta, (in Japanese), Selected Works of Hajime 
Nakamura, 13 vols. (in Japanese). Address: C/O Department of 
Indian and Buddhist Philosophy, University of Tokyo, Bunkyo-ku, 
Tokyo, Japan. 

Naqvi, S. : Teaches Economics at the Research and Training School of 
the Indian Statistical Institute, Calcutta. Engaged in research studies in 
Indian economic development, with particular reference to the place of 
agriculture in Indian Economic History, problems of Socialist economics 
and the significance of recent socio-economic trends in Soviet and East 
European Socialist Countries and Peoples Republic of China ; the Marxist 
Parties and the Naxalbari struggles, and the Western Students revolts 
and the working class, and a critique of Gandhian Economics. Address : 
Indian Statistical Institute, 203, Barrackpore, Trunk Road, Calcutta 
700 035. 


Narlikar, A. V. : Professor and Head of the Department of Physics at 
Shivaji University, Kolhapur, India, did Masters Degree in Physics at 
Banaras Hindu University in 1960 and received his Ph.D. degree at the 
University of Cambridge (U.K.) in 1965. Later he was at the Univer- 
sities of Lancaster (U.K.) and Geneva (Switzerland) and returned to 
India in December, 1968. Dr. Narlikar’s main research interests include 
Low Temperature Physics and the Science of Materials. He holds Asso- 
ciateships of the Institute of Physics and Physical Society (London), the 
Institution of Metallurgist (London) and the Institute for Fundamental 
Research (London). Address : National Physical Laboratory, Hillside 
Road, New Delhi 110 012. 
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1957), M.A. (Cantab. 1963), Ph.D. (Cantab. 1964). Present status : Fellow 
King s College, Cambridge ; Staff Member, Institute of Theoretical Astro- 
nomy, University of Cambridge Awards etc. 1960: Tyson Medal for 



Astronomy by University of Cambridge, 1982 ; Smith’s Prize by Univer- 
sity of Cambridge, 1963, Berry-Ramsey Fellowship at King’s College, 
Cambridge, 1967 ; Adams Prize by University of Cambridge. Scientific 
work on Cosmology, Gravitation and Electrodynamics, partly in colla- 
boration with Professor Fred Hoyle and published in journals such as the 
Monthly Notices of the Royal Astronomical Society, the Proceedings of the 
Royal Society, London, The Astrophysical Journal, Nature, the Annals of 
Physics and in some conference proceedings. Address : Tata Institute 
of Fundamental Research, Homi Bhaba Road, Bombay 400 005. 

Pappu, R. S., M.Sc., Ph.D. (Pleistocene Geology and Prehistoric 
Archaeology), Lecturer in Geomorphology and Department of Archaeo- 
logy, Deccan College, Poona. Published over 12 papers. Subjects of 
interest : Quaternary Geology, Icomophology and Prehistoric Archaeo- 
logy. Address : Deccan College, Poona 411 006. 

Patwardhan, M. V. (b. 1907), M.A. (Bombay), Professor of Sanskrit and 
Prakrit at Fergusson College, Poona, and Willingdon College, Sangli. 
Life Member of the Deccan Education Society, Poona. Edited Vajja- 
laggam, a Prakrit anthology, collaborated with J. L, Masson in trans- 
lating Locana and writing the Santarasa and Abhinavagupta’s Philosophy 
of Aesthetics . Address : Near Erandawana Park, Poona 411 004. 

Prasad, B. K., Chief Engineer (1925-27), Jog Hydro-Power Project, 
Mysore and then at Koyna Hydro-Power Project, Bombay. M.A. 
(Honours) in Physics, Madras University in 1916, Post-Graduate Degree 

Zf le ^°- T ^ hno1 ^ at the Indian Institute of Science, Bangalore, in 
1919, D.Sc. (Engineering) at the Massachusetts Institute of Technology 
Cambridge, Massachusetts (U.S.A.) in 1922-23. Industrial Research Ex- 
perience m Eastern Manufacturing Co., Bangor, Maine (U.S.A.) Boston 
Belting and Rubber Co., Boston, Mass. (U.S.A.), Tidewater Oil Co. 
Bayonne, New Jersey (U.S.A.) and Applied Research at M.I.T. Cam- 
ndge, Mass. (US. A.). Visited various power projects in Europe, U.K., 
U.S.A. and Canada. Has published several papers in Indian and foreign 
Journals on Development of Electric Power and its application to various 
industries including metallurgical, chemical and electro-chemical indus- 
r ” al ™re „ : 6 Seshadri K „ ad , 

Rahman, A. (b. 1923), Educated at Jamia Millia Islamia, Aligarh and 
Indian Institute of Science, Bangalore. Later, specialised in History of 
Science and Operational Research, which he applied to the field of plan- 
ning of scientific research. At present Incharge of Research Survey and 
Planning Division of the Council of Scientific and Industrial Research. 
He has been working on History of Science in India during the medieval 
period and has published besides a number of papers two books on the 
subject. He has been recognised as an international expert and was 
UNESCO consultant to the Government of Iraq in planning of scientific 
research and also acted as Co-Director of UNESCO Seminar on Science 
Policy in Australia. Address : Research Survey, Planning Organisa- 
tion, Council of Scientific and Industrial Research, Rafi Marg New 
Delhi 110 001. 
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Archaeology in Deccan College, Poona since October 1960. Specialised 
interest in the Pleistocene Geology, has worked on Pleistocene Forma- 
tions in Central India, Maharashtra and Gujarat. Published one research 
monograph on Ashmounds in South India besides several research arti- 
cles. ■ Address : Department of Archaeology, Deccan College, Poona 
411 006. 

Sakalatvala, Beram (b. Manchester, U.K.), educated at Holloway School 
(now a Comprehensive), University College, London, and the Working 
Men’s College, London. He has been working for the House of Tata 
for some 35 years and is the Managing Director of Tata Ltd., London. 

Sankaran, C. R. Reader in Dravidian Philology and Experimental Phone- 
tics, at Deccan College Post-Graduate and Research Institute, Poona since 
1939 ; had earlier specialised in Indo-European Linguistics and later in 
Dravidian Linguistics. Then, he turned to Psycho-Acoustics of Speech 
and Music. He held the post of Richard-Merton Visiting Professor in 
the Institute for Communication Sciences and Phonetics of the Uni- 
versity of Bonn in 1960, when he introduced to his colleagues his thinV 
ing on “Process of Speech”. His special efforts are now directed to 
wards the discovery of the ultimate ‘Unit of Speech in the light of the 
Brain-Sciences’. Address : 38/23, Erandavana, Poona 411 004. 

Sankalia, Hasmukh, Diiirajlal : Fellow, Jawaharlal Nehru Memorial 
Fund ; Hon. Head, Department of Archaeology, Deccan College, Poona ; 
M.A., LL.B. (Bombay) ; Ph.D. in Archaeology (London), Honorary 
Tagore Professor of Humanities, M. S. University of Baroda, 1963, Pre- 
sided over First Maharashtra Itihas Parishad, Bombay, 1965, Author of 
An Introduction to Archaeology, 1966 and Stone Age Tools, their tech- 
niques, and probable functions, 1964, Joint Author : Reports on Excava- 
tions at Kolhapur, 1952 ; at Nasik and Jorwe, 1955 ; at Maheshwar and 
Nadvatoli, 1958 ; at Nevasa, 1960 ; at Ahar, Udaipur 1968 ; at Nadvatoli 
Address : ‘Satchidananda’, Deccan College, Poona 411 006. 

Siddiqui, M. Raziuddin : B. A., Osmania University, 1925, Mathematical 
Tripos and M.A., Cambridge University, studied in the Universities of 
Berlin, Gottingen, Paris and Leipzig from 1928-1931 leading to Ph.D. 
from the Leipzig University in 1931. Professor of Mathematics, Director 
of Research and Vice-Chancellor, Osmania University 1931-1950 ; Vice- 
Chancellor, Peshawar University, 1950-1958, Sind University 1959-64 and 
Islamabad University 1964 ; Special Consultant for Science, UNESCO, 
1963 ; President, Pakistan Academy of Science, Publications : Lectures 
on Quantum Mechanics, published by Osmania University, Hyderabad- 
Deccan, 1937 ; Research Papers on Non-linear Partial Differential Equa- 
tions, Non-linear Integral Equations, Theory of Operators, etc., published 
in Mathematische Zeitschrift, Berlin : Proceedings of the Cambridge 
Philosophical Society, Comptes Rendus de l’Academic de Sciences, Paris 
etc. Address: 77-E, Satellite Town, Rawalpindi (Pakistan). 

Sontheimer, Gunther-Dietz, Ph.D. (Lond.), studied Indology and Law 
at the University of Tubingen. Studied at the University of Poona Law 
College (1958-61 : Dharmasastra, Anglo-Hindu Law, Modern Hindu Law, 
Marathi and Indian History). Participation in field research conducted 
by Prof. Kosambi 1961-1965, studies of Dharmasastra, etc., the School of 



Oriental and African Studies in London. Since 1965 Senior Research 
Fellow and Lecturer at the South Asia Institute (Dept, of Indology) of 
the University of Hiedelberg. Since 1965 several times in India in pur- 
suance of a research project on the religion and history of the Dhangars 
in Maharashtra. Address : Dept, of Indology, Sudasian-Institute der 
University Heidelberg, 6900, Heidelberg. 

Sukhatme, Pandurang V. : Ph.D., D.Sc. (London), is well-known for 
his pioneering work on sampling method and its application in agricul- 
tural statistics which he developed in India during 1940-50 and which he 
subsequently promoted in the developing countries as Director, Statistics 
Division, Food and Agriculture Organization of the UN. Author of 
numerous papers and reports on sampling methods, including his widely 
known book on Statistical Methods for Agricultural Workers which he 
wrote jointly with the late Dr. V. G. Panse. In recent years, Dr. 
Sukhatme has done considerable research on food supply and popula- 
tion. The latest among his papers on this subject is ‘The World’s Hunger 
and Future Needs in Food Supplies’ for which he was awarded in 1963 
the Guy Medal by the Royal Statistical Society, London. He is also the 
author of Feeding India’s Growing Millions and FAO’s Third World 
Food Survey. He was statistical Adviser to the Indian Council of Agri- 
cultural Research and also Visiting Professor at Iowa State University, 
Ames, Iowa, U.S.A. 

Vasudeva Murthy, A. R. : Professor of Inorganic and Mineral Chemistry, 
Department of Inorganic and Physical Chemistry, Indian Institute of 
Science, Bangalore. Educated at Mysore University (D.Sc. 1954), he has 
extensively travelled in Europe on study tours and participated in Inter- 
national Conferences on Sulphur Chemistry. Written articles in Kannada 
and English for popularising science. His association with Prof. D. D. 
Kosambi has been quite long from 1950 onwards and assisted him in 
working out several projects such as Origin of Gotra, Indian tradition 
and study of Arthasastra qnd so on. He was intimately connected with 
Prof. Kosambi’s programme whenever he was in Bangalore. Address • 
Indian Institute of Science, Bangalore 560 012. 
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niMuyi J in a translation id .fitAuhhr/m on 

whW\ be had published aotne tlvueght irov. A inj 
cmuyi 

)) Indian libfory and culture, Kcnuniln't Introduction 
fn the Study of Indian HMnrr mark . a now 
■ Ufc in Indian historiography, To write it. he did 
pioneering work In numismatic*. archaeology and 
ethnography, showing that mere written source* would 
not suffice. Kosainbi woi invited by the University of 
Lotkluo (under the sponsorship of the Rntish Council, 
and the London School of Oriental Studies), for a 
series of lectures on Indian history and was specially 
invited to participate la the next International 
Congrats of Orientalists The biMinprsphy of hh writ- 
ings (ista over a hundred entries «Mnprivhtg several 
hooka anil a nurntwi of original paper* 


